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THAILAND

Human leptospirosis is endemic in many provinces of Thailand, especially in
its northeastern region. At present, little is known about spatial and temporal pattern
and factors related to the disease in this area. The current research applied
geoinformatic technology and spatial statistics to analyze leptospirosis incidence data
in Thailand during 2003-2009. Exploratory spatial data analysis was done to
demonstrate geographical distribution of the disease. Kulldorff’s scan statistic was
used to detect significant spatial clusters, temporal clusters and spatiotemporal
clusters of leptospirosis in Thailand. Geographically Weighted Poisson regression
(GWPR) analysis was used to determine the variations of spatial relationships among
a set of environmental variables and leptospirosis incidences in northeast region. The
results revealed that leptospirosis was more prevalent in northeast region than the
others. Seven significant spatial clusters and 11 spatiotemporal clusters were detected.
The most likely spatial cluster and the most likely spatiotemporal cluster were located
in the northeast region. There was only one significant temporal cluster identified

during the high peak of leptospirosis in 2009. The GWPR analysis showed that
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amount of actual inundated areas, agricultural population density, amount of monthly
rainfalls and numbers of rainy days in a month were related to leptospirosis
incidences, and such relationships were significantly varied over space. This study
suggests that northeast region of Thailand is an important endemic area of

leptospirosis in Thailand which requires a closer surveillance.
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CHAPTER

INTRODUCTION

1.1 Background and significance of the study

Leptospirosis is a zoonotic disease caused bypdmte bacteria of the genus
Leptospira. Vertebrate animals including humans are affedbgd this disease.
Leptospirosis infection can occur world-wide, excéqe areas with enduring snow or
ice and desert, but is more common in the trogies tin temperate regions (Levett,
2001), and in either urban or rural environmentbath industrialized and developing
countries (Bharti et al., 2003Ylany kinds of wild, domestic and farm animals can b
infected by this organism but the most powerfuleresirs belong to the rodents
group (Michel, Branger and Andre-Fontaine, 2002)fedted animals carry the
Leptospira bacteria in their kidneys and shed the organismtheir urine. Animals
infected with the pathogens may or may not havepsgms. Asymptomatic or sub-
clinical infection in human is possible and comnierendemic area (Tangkanakul et
al., 2000). Water, food, or soil contaminated witine from the infected animals can
be the sources of infections to human and otheceptible animals. The most
common reservoir hosts are rodents and domestigadsi The human infections may
happen by swallowing contaminated foods and waterell as through eyes or nose
or broken skin contact with the contaminated emuiments. It can be an occupational
hazard for many people who work with soil, wated amimals, e.g., agriculturists

(especially paddy rice farmer), aquaculture workeeserinarians, sewer workers,



livestock farmer workers, soldier or patrol policam Outbreaks often occur after
heavy rainfall during floods (Gubler et al., 200M)any reported outbreaks of human

leptospirosis are usually occurred by exposuretdaiminated water.
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Figure 1.1 Annual Incidence Rates of Leptospirosis in Thaidlal985-2009.

1993
1995
1997
1999
2003
2005

1991
2001
2007
2009

Source: Bureau of Epidemiology, Department of Dsse@ontrol, Ministry of

Public Health, Thailand (2010).

Leptospirosis has become apparent as a globalpprtant infectious disease
since the past decade. It is considered as an temggoublic health problemnd is
also a notifiable disease in Thailand (Tangkanakuwall., 2005). It was re-emerging in
1997 (Figure 1.1) with the annual incidence rat@mbroximately 6 times increased
from the baseline (from 0.6 per 100,000 in 199&#® per 100,000 in 1997). The
incidence continued to be increasing and reacheditphest peak in the year 2000

which infected 14,285 Thai people (23.1 per 100)0B&ter 2000, the incidence rates



showed the decreasing trend until 2005, then theng wslightly increasing from 2006
to 2009. Nowadays it still remains a public hegthblem in Thailand, especially in
the northeast region. Figure 1.2 showed that ticelénce rates of leptospirosis in

northeast region were higher than the others eyesay.

Incidence Rate (/100,00)

Figure 1.2 Annual Incidence Rates of Leptospirosis in Tdvail by region, 2003-
2007.
Source: Bureau of Epidemiology, Department of Dsge@ontrol, Ministry of Public

Health, Thailand (2007).

Epidemiology is the study of distribution and detmants of diseases or
health-related events in specified population. Kieolge on epidemiology of the
disease plays an important role in public healttmiadstration. It provides
information on how disease is distributed as welba the factors that influence such
distribution. Applications of geographic informatisystem (GIS), remote sensing
(RS) and spatial statistics in epidemiological gtedn help in better understanding

the distribution of a particular disease. Information locations of disease clusters



and the variation of disease frequency over spaddime are very important for the
formulation of preventive strategies (Nobre andv@hbro, 1996; Ostfeld, Glass and
Keesing, 2005). Allocation of the proper preventsr control measures to the right
places and time can effectively lessen transmissidhe disease as well.

Recently, there are increasing utilization of Gé&hnology, remote sensing
data and spatial statistical methods in epidemioddgstudies of many infectious
diseases (Bailey, 2001; Cline, 1970; Odoi et ab04& Rushton, 2003) including
malaria, dengue hemorrhagic fever, viral encepbabind so on, but there were very
few research that focused on leptospirosis. Sealémote sensing can be a good
source of data for the assessment of environmerdahtions. Environmental
conditions are important for pathogens and vectwfranany infectious diseases
including leptospirosis. Theleptospira bacteria require moist and warm
environmental conditions with the optimum pH oflsmud, and surface water about
7.0. They can survive for months in muddy watehvaptimal condition. Vegetation
cover and soil moisture are the factors influen@nghabitats of rodent reservoirs and
the transmission of the infections frequently depem rodent population density,
which, in turn, depend upon environmental condgi@amd available food (Gubler et
al., 2001). Some relevant information can be dérirem remotely sensed data and
should be used as the factors input in models sbwhether they are associated to
leptospirosis occurrence.

The motivation behind this research is that inocagion of knowledge from
various subjects is an effective way for problenvisg. The investigator believes

that using geoinformatics together with epidemiatagethods in the study of dieases



transmission can discover the knowledge that leaddtter understanding of a

particular disease.

1.2 Objectives of the study

1.2.1 General Objective
The current research aims to demonstrate the ugaggoinformatic technology
(geographical information system and remote sehdogether with spatial statistics
for conducting spatial and temporal epidemiologstaidy of human leptospirosis in
Thailand with the emphasis on the northeast region.
1.2.2 Specific Objectives
1) To demonstrate and produce maps of spatiatemgoral distributions
of leptospirosis in Thailand between 2003 and 2009
i) To ascertain the significant spatial clustetsmporal clusters, and
spatiotemporal clusters of leptospirosis incidencéhailand between 2003 and 2009.
lii) To identify the predictor variables that agtd to leptospirosis
incidence in northeastern Thailand and display #patial variations of their

relationships as well.

1.3 Study hypotheses

The hypotheses of this study were set up as tleniogs.
I) There were significant spatial, or temporal,spatiotemporal clusters
of leptospirosis at the provincial scale in Thagdan
i) There were the spatial variations of the tielaships among predictor

variables and the incidence of leptospirosis irtheast region of Thailand.



1.4 Assumptions

The major assumption underlying this research hat tthe numbers of
population used as the denominators in this studgevacquired from Ministry of
Interior based on théde jure registration which might not be the samedasfacto
population. The actual population in each proviseeEms to be unequal to the
registered population due to the migration to ottiges for many reasons included
job finding. In 2007, the migration rates of Thaigple in central region, northeastern
region, northern region, and southern region wefe 8.4, 3.1 and 2.8 percent,
respectively (The National Statistical Office, 2DO&bout fifty one percent of
migrants have migrated among the provinces in twim region. The calculations of
incidence rates using the number of populatiorhasdenominators might be a little

overestimated, but they seem to be homogenoussaitresegion.

1.5 Scope of the study

The ultimate goal of this study was to find theqass that is worth for public
health decision makers to use geoinformatics astiadal tool for the existing
surveillance system. The selected materials andhadstused in this study were,
therefore, considerably cheap, applicable, andtipedor health personnel to carry

out.

1.6 Limitation of the study
Leptospirosis cases used for all analyses in résearch were based on the
notification through the national surveillance syst which was possibly under-

estimated due to under reporting and sub-clinig#flection. The sub-clinical



leptospirosis patients with less symptoms mightaaohe to the hospital and were not
recorded in the surveillance system. This happemiag lead to some information
bias.

The remotely sensed data used in the current redse@ere based on the
Moderate Resolution Imaging Spectroradiometer (M&Dkensor on board the
TERRA satellite. MODIS data can be downloaded fstkeharge from many websites
through the internet. It can be acquired frequedtlg to its high temporal resolution
(1 to 2 days). This is very useful for multi-temalbstudy concerning the earth surface
changes. On the other hand, MODIS produce datargtng spatial and radiometric
resolutions (2 bands at 250 m, 5 bands at 500 m2&ndhands at 1 km). This
characteristic may result in the limitation of salf study area to be used with

MODIS products.

1.7 Benefit of the study

Analyses of the spatial and temporal componergsth@r with the assessment
of factors associated to disease incidence araatlaly informative. Knowledge or
information obtained from spatial epidemiology caorease the potential for public
health action. It can help us characterize theagpod the disease in space and time
variation. Public health professionals and policgkers at national level or local
levels can utilize such knowledge in the formulatend prioritization of prevention
and control measures for leptospirosis. These measan be effectively launched to
the specific geographical area (i.e., hotspotsy] assult in budget saving and

appropriate allocation of resources for health esyst Moreover, this study can



provide initial information for the establishment teptospirosis early warning

system.

1.8 Operational definition

1.8.1 Leptospirosiscases

All leptospirosis cases using in this study wedre teported cases through the
passive surveillance system of the Ministry of Rublealth.

1.8.2 Epidemiological surveillance

Epidemiological surveillance, in general, is thescgpline of continuously
gathering and analysing data, as well as intergyatiformation about diseases, and
disseminating conclusions of the analyses to refessganisations.

Surveillance activities can be either “active™passive”. Active surveillance is
the method that health personnel in the systemegadhdata by themselves. Passive
surveillance is the method that let health careideys report notifiable diseases on a
case-by-case basis to the local or central heéiites based upon a published list of
conditions. This is simple and is minimally burdem® to health care providers.

1.8.3 Exploratory Spatial Data Analysis (ESDA)

Spatial data analysis is an analysis that make®figeographical component to
investigate explicitly spatial aspects of the d&aploratory Spatial Data Analysis
(ESDA) is defined as the collection of techniquesdescribe and visualize spatial
distributions, and determine patterns of spatiadoamtion (Anselin, 1999). The
results can be displayed in the maps. Thus, usiagsnto depict geographical

distribution of the disease has advantages ovaurgsentation by data tables alone.



1.8.4 Rate smoothing

Rate smoothing is the method for adjusting the nate to correct the instability
of variances by borrowing strength from other sgaithits. The rates calculated from
areas with low population usually have higher vagc@&athan those calculated from
high populate areas. The rates with high variaiacedikely unreliable. Comparisons
of the rates with instability of variances can @abgs results. To solve this problem,
one can use the smoothing method of the ratesanhstethe raw rates. Anselin (2004)
suggested the Spatial Empirical Bayes (SEB) metbodate smoothing to be used
before the comparison of disease rates.

1.8.5 Diseasecluster

Disease cluster is an aggregation of disease .c&m&h aggregation can be
considered in terms of space, time, or both spadetiane. Spatial clustering means
that a disease has higher incidence rate in soaeeplthan in other places. Temporal
clustering means that the disease incidence rdigleer at some times than at other
times (Rothman, 1990). Clustering in both space tand, which are referred to as
space-time clustering or spatiotemporal clusterimgans that incidence rates are
temporarily higher in some places than the others.

1.8.6 Spatial non-stationarity

Spatial non-stationarity is the condition that rscwhen the same stimulus
provokes a different response in different partthefstudy region. The results of non-
stationarity model are appeared to be location widget. Since one objective of this
research was to analyze spatial variations of ioglahips among predictors and
response variable, so spatial non-stationarity assmimed and might be tested. To

deal with this circumstance, the local model (iadtef global model) was used.
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1.8.7 Geographically weighted regression

Geographically Weighted Regression (GWR) is a fapmethod for detecting
and explaining localized deviations from a moreagahregression fit. GWR has been
pioneered by A. Stewart Fotheringham and Martin ridva (National Center for
Geocomputation, National University of Ireland)da@hris Brunsdon (University of
Glamorgen, UK). It, as part of local modeling, yicees additional analytical tool and
a different perspective on spatial analysis. GWRwa the relationship between
variables to vary over space by providing separaggession coefficients for every
spatial unit in the study area. In conclusion ih d@e considered that GWR is a
localized method of global regression. It disaggteg global statistics by generating
a model at each data point.

1.8.8 Poisson regression

Poisson regression applies where the responsablais discrete, e.g., number
of cases of a disease, which is not a continuousbla. This model may also be
applied to standardized counts or “rates”, suchdigease incidence per particular
number of population. It is assumed that the resporariable in this study has a
Poisson distribution whose expected value (meanjeigendent on one or more
predictor variables. Typically the log of the exfgetvalue is assumed to have a linear
relationship with the predictor variables.

1.8.9 Geographically weighted Poisson regression

Geographically weighted Poisson regression (GWPRBR)e GWR that analyzes

the data which the response variable has a Po@stibution.



11

1.9 Conceptual framework

The conceptual framework (Figure 1.3) illustratbd steps of data acquisition
and data analyses throughout the study. To sdineé the study objectives, the data
were analyzed using 3 different computer prograres, 1) Exploratory Spatial Data
Analysis (ESDA) using GeoDa Software, 2) detectmindisease clusters using
SaTScan software, and 3) analysis of spatial celaliip using Terraseer STIS
software. The output results from these 3 analysmdd be the spatial and temporal
distributions, spatial clusters, temporal clustensd spatio-temporal clusters of
leptospirosis, and the spatial variations of relahips among significant predictor
variables and leptospirosis. These outputs can tiedmbtter understanding of spatial

epidemiology of leptospirosis which is valuable fealth personnel.
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CHAPTER I

LITERATURE REVIEW

2.1 History of leptospirosis

The first case of severe icteric illness was regghrand recognized as being
new disease, in 1886 by Dr. Adolf Weil of Heidellpé&sniversity in Germany. Later,
this illness was named as Weil’s disease. Manysyeder, in 1907 the etiologic agent
was first examined in kidney tissue of a patienngyduring yellow fever outbreak.
At that time, a little was known about this agentilul915, Inada was able to culture
the spirochaete bacteria and proved that it assotiwith Weil's disease (Watt,
1997).

In 1917, the researchers discovered that thewats the sources of human
infection and leptospirosis infection in dogs waagnized at the same time.
Leptospirosis in livestock was documented many sydater (Levett, 2001). Since
then knowledge about reservoir host of leptospiress increasingly proposed.

Not only Weil's disease but leptospirosis is dis@wn as Weil's syndrome,
canicola fever, canefield fever, nanukayami feveday fever, Rat Catcher's Yellows,

Fort Bragg fever, and Pretibial fever.

2.2 Microbiology

The causal agent of leptospirosis is a spiral-stiagerobic spirochetes bacteria

of the genusLeptospira which belongs to the family Leptospiraceae, order
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Spirochateales. The size of this organism is @@2dong and 0.1um in diameter with
18 or more coils per cell (Figure 2.1). They temdstain poorly with common
laboratory stains and are best visualized by dakl fmicroscopy, silver stain or
fluorescent microscopy. Before 1989, the gehweptospira was divided into two
species|eptospira interrogans andLeptospira biflexa (Levett, 2001). The speciés
interrogans comprises all pathogenic strains while biflexa contains the non-
pathogenic strains. Recently, the taxonomic studésed on DNA hybridization can
divided the genuseptospira into 20 species (Bharti et al., 2003). The spethes
causes illness to manlisinterrogans. More than 200 serovars bf interrogans have
been identifiedLeptospira can survive in mud, moist soil and water for mentimder
the suitable environment. The incubation periodeptospirosis is as short as a few
days to as long as 30 days with the average ofays Bureau of Epidemiology,

Department of Disease Control, Ministry of Publiedtth, Thailand, 2009).

Figure2.1 Electron micrograph of Leptospiral bacteria.

Source: Levett, 2001.
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2.3 Lifecycle of pathogenic L eptospires

Leptospires (Leptospiral bacteria) are thoughtpable of penetrating normal
skin. They enter hosts through damaged skin, muooemmbranes, conjunctiva and
the lungs by inhalation of aerosol droplets contajrthe bacteria. They are not spore-
forming and die when they are once dehydratederdtly environment, They migrate
to bloodstream and lymphatic system of the host ediately after their entry and,
then, spread throughout the host body within stioré. Many kinds of animals are
reservoir hosts but rats play a major role (Thethgpirosis Information Center, n.d.).

The diagram in Figure 2.2 displayed the life cyalehis bacteria.
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Figure2.2 Life cycle of pathogenic leptospires.

Source: Faine et al., 1999.



16

2.4 Clinical manifestation

Leptospirosis infection can occur wherever thera irisk of direct or indirect
contact with the urine of infected animals or watad mud contaminated with them.
The spectrum of symptoms of leptospirosis is carsid broad. The disease in
humans is characterized by an acute febrile illfeiswed by mild self-limiting
illness or an even more severe, and often fatalfi4ongan involvement. In the
animals, leptospirosis infections are often asymmatioic. In summary, there are two
clinical forms of leptospirosis based on severitytloe disease, i.e., ‘non-icteric’
leptospirosis and ‘icteric’ leptospirosis.

Non-icteric leptospirosis, a self-limiting illnesss a mild form and more
common. About 85% to 90% of the cases were nomiict&he patients with non-
icteric form might probably not seek medical attemt Most of them present with a
febrile illness of sudden onset (Levett, 2001).

Icteric leptospirosis is a severe form and fathicl occurred less frequently
(approximately 10 percent of the cases) and is coniyrknown as Weil's disease.
Icteric leptospirosis may involve internal organgls as kidney, vascular system and
liver. The complications of these organs can cadeath. Deaths are usually

associated with renal failure, hemorrhage and sgaemndice (Douglin et al., 1997).

2.5 Factorscontributing to leptospirosisinfections

Leptospirosis is closely related to climate, esghcrainfall (Kupek, de Sousa
Santos Faversani, and de Souza Philippi, 2000; élatial., 2008). Surface water is
most important vehicle for transmission of the atilen agent)eptospira bacteria, to

man. Heavy rains produce the expansion of floodedd. Flooding can amplify the
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spread of leptospirositeptospira can comfortably survive in water and muddy soll
environment especially in paddy rice field. A tygi¢eature of paddy fields is that the
rice need to grow on flooded soils for a periodiofe after rice transplanting. This
period plays an important role in contamination anghsmission ofleptospira
bacteria to farmers or the ones who exposed sudtaiwonated environments. Sasaki
et al. (1993) conducted clinic-hospital-based Ispimsis surveillance in the islands
of Hawaii. Factors that were associated most styorwgth development of
leptospirosis were household use of rainwater ca¢ch systems (p-value = 0.003),
presence of skin cuts during the incubation pefjdalue = 0.008), contact with
cattle or the urine of cattle (p-value = 0.05 an@d30 respectively), and handling of
animal tissues (p-value = 0.005). The study of fattors for leptospirosis during an
outbreak in India conducted I8ugunan et al. (2009) revealed that the presence of
cattle in the house, drinking stream water, contattt garbage, walking barefoot and
standing in water while working were significanthssociated with leptospirosis.
They found that the stratified analysis showed sed@sponse relationship between
number of cattle in the house and the risk of Igpit@sis infection, and also
suggested that cattle could be a source of infectio

So far we knew a lot about risk factors of leptosgis from a vast number of
epidemiologic studies. The well-documented riskdes are: age, gender, occupation
and some environmental factors (Sasaki et al., 193nnag et al., 1983;
Sundharagiati et al.,, 1966; Levett, 2001). Prewaderates of leptospirosis usually
increase with age of population. The higher agesedhe higher chance of exposure.
Susceptibilities to the infections among males &mdales are not difference. But

males have got more infection than female becausesrseem to experience more
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risk activities. Agriculturists especially paddgeifarmers are at high risk of indirect
contact of animal urines in soil and water. Livegtéarmers and abattoir workers are
at high risk of direct contact to animal urinestie animal urines are positive for
Leptospira, those workers will get infection undoubtedly. Waand mud are the
environmental conditions that facilitate the sualivof Leptospira. Outbreaks of
leptospirosis can occur widely after flood (Barosland Sabroza, 2001).

Leptospirosis is one of the notifiable diseasesldy under the National
Communicable Disease Surveillance System in Thailarhe reported cases of
leptospirosis are based on both clinical diagnosesle by physicians or and
laboratory confirmation followed the guideline dfet World Health Organization.
Any leptospirosis patients who consulted in-pati@nt out-patient units will be
examined followed the checklist for the likelihooof diagnosis of human
leptospirosis (Ministry of Public Health of Thaildn 1999; Kaewpa, 2002).
Leptospirosis patients with mild symptoms who diok mome to health facilities
would not be reported to the system.

Ministry of Public Health of Thailand (1999) reped that most of the cases
were rural farmers and age ranged from 15 to 44syell. The ratio of male to
female cases was 2.5. The report from the firstiddad Seminar-Workshop in
January 2001 in the Philippines revealed that meapl Australia, China, Japan,
Thailand, Taiwan, India, and Korea are vulnerableéhie disease during the harvest
and rainy seasons. This occurred when there wereases in rodent population. The
farmers in these countries are the most suscetdpalation.

Globalization could contribute to the disseminatiof leptospirosis in the

context of international travel, particularly foeareational activities and military
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expeditions (Pappas et al., 2008This can make individuals from the developed
countries have more chance of exposure to the shsmgents.

In summary, the core determinants of leptospirasesmission are the
availability of reservoir hosts or carrier animalle suitability of environment for
survival of infective agent (leptospira) and theemaction between man, animals and
environment (Sehgal, 2006). Such interaction wasraaged into a diagram and

illustrated in Figure 2.3.

Interaction between
Man, Animals and
Environment

Suitable Environment

Figure2.3 The core determinants of leptospirosis trandomnss

2.6 Leptospirosissituation

Since leptospirosis is said to be the most wideapin the world, the clinical
cases are regularly reported from almost all centim except Antarctica.

Leptospirosis is most common in tropical countriegen though it is not common in
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the United State, it has been reported from alioreg of the country. In United
Kingdom and other European countries, the most comgauses of leptospirosis
were water-associated and cattle-associated (Anun2009).

Southeast Asia is the endemic area of leptosgiroBluman cases of
leptospirosis were reported throughout the regiRitqardo and Bayugo, n.d.). All
countries in this region have been suffered froptdspirosis. Thailand has been

experiencing the highest incidence of leptospirosiSoutheast Asia.

Figure2.4 Probable occupational exposure to leptospires.

Sourcehttp://www.rd1677.com/branch.php?id=56688

Leptospirosis occurred in every provinces of Tarad but ninety percent of the
cases were reported in the northeast region (Taradke et al., 2005). A survey of

leptospirosis among rodent reservoirs conductedMangroongsarb et al. (2002)
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showed that the rodents in northeastern provineelsrhore positive rate than other
regions of Thailand. The temporal variations oftdéspirosis in Thailand include a
peak incidence in August to September in associatdh the rainy season. This

pattern is often seen in Indian peninsula, southesrinces of China (Sehgal, 2006).

2.7 Spatial pattern of leptospirosis

The successful detection and control of diseaseslsto take into account the
spatial pattern of disease occurrence and anyeckelék factors (Pfeiffer et al., 2008).
Epidemiologic pattern of leptospirosis has varigdnf place to place. Many
researches have been carried out to gain knowlatlget spatial distribution and
related factors of many communicable diseases ugegnformatic technology.
Among such studies, very few were studied aboubsgprosis.

Most recently study by Tassinagt al. (2008) was performed by using scan
statistics to detect clusters of urban leptospirasases in Rio de Janeiro, Brazil
between 1997 and 2002. Six space-time clusters idergified and the cluster cases

events were significantly associated with heavigfedi.

2.8 Spatial statisticsin health studies

To date, there are increasing use of spatialstitgito analyze health-related
data especially in the study of the relationshiglisease and its risk factors. One of
those is GWR, a local form of regression used todehospatially varying
relationships. GWR is increasingly used insteadtlué traditional regression
technique, such as ordinary least squares (OLSYy €dn be referred to agobal

regression or aspatial regression. Global regression models often hide important
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local variations in model parameters (Tu and Xi@08® while GWR models can
make more improvement of model performance. Botbb@ll regression and GWR
can be applied to various types of models, e.geali model, Poisson model and
logistic model depending on the types of respora@bles. In health studies which
the outcome variable is discrete number of patjetits Poisson model should be

applied.



CHAPTER I11

MATERIALSAND METHODS

3.1 Study design

The present research was retrospective epidennosbgdy which the outcome

of interest, leptospirosis, has already occurrdti@time the study was initiated.

3.2 Study area

The study area of this research is a whole Thailaith the emphasis on
northeast region. Thailand composes of seventymixinces with the total area of
513,115 square kilometers. The provinces of Thdilare gathered into 4 regions by
location, i.e., central region (26 provinces), horegion (17 provinces), northeast
region (19 provinces), and south region (14 proes)c Most of the analyses were
performed to every provinces in all regions of Tdwal but more specific analysis
was done with the emphasis on northeast region.

The northeast region comprises 19 provinces with tbtal area of 168,940
square kilometers. It is separated from Northemh @entral Thailand on its west by
the Phetchabun mountain range. The northeast régiocated on the Korat Plateau,
bordered by the Mekong River to the north and easd, by Cambodia to the south.
The plateau consists of two main basins, namelkpisdalakhon Basin and Korat

Basin, which is separated by the Phu Phan mountamge. The population in
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northeast region as of 2000 was almost 21 milliemg third of total population of

Thailand.

;?
Code Province Name
30 Nakhon Ratchasima
31 Burirum
32 Surin
33 Sisaket
34 Ubon Ratchathani
35 Yasothon
36 Chaiyaphum
37 Amnaj Charoen
39 Nong Bua Lamphu
* 40 Khon kaen
. 41 Udon Thani
' 42 Loei
43 Nong Khai
44 Mahasarakham
45 Roi Et
46 Ka lasin
47 Sakon Nakhon
48 Nakhon Phanom
49 Mukdahan

()

(a) Thailand map showing 4 regions
(b) Northeast region with the provincial boundaries
(c) Codes and names of provinces in northeast region

Figure3.1 Maps of the study area.
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3.3 Data acquisition and manipulation

3.3.1 Leptospirosisdata

Leptospirosis data used in this research were diges reported to the
surveillance system of the Ministry of Public HealAll cases that included in the
reports were diagnosed based on specific cliniodl laboratory criteria, which then
could be classified into 2 types, i.euspected cases and confirmed cases. Suspected
case referred to a case that was compatible weélclihical criteria and a screening
laboratory diagnosis. The confirmed case referged tsuspected case who had a
confirmatory laboratory result.

All records of leptospirosis cases in Thailandrfr@d003 to 2009 were used in
the analyses. The data were aggregated into eawhinpe relating to resident
locations of the cases. Moreover, leptospirosia @danortheastern provinces in 2007
were selected for the analysis of spatial relatigys between a set of geographically
referenced environmental factors and leptospiriosisience.

3.3.2 Spatial data

Topographic maps (series L7018) at the scale 50,000 pertaining to all
provinces of Thailand, prepared by Royal Thai Symepartment were used for all
spatial analyses. The maps of administrative batieslavere used as the based maps.
Centroid maps from Thailand provincial boundary sxa@re constructed and used in
the analysis for disease clustering. Map of watetids in northeast region was used
as the reference in the accuracy assessment afatethareas extracted from MODIS

images.
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3.3.3 Remotely sensed data

Multi-temporal cloud-free 10-day composite imagesre acquired from the
Moderate Resolution Imaging Spectroradiometer (M&DHensor on board the Terra
satellite. These images were obtained through Faries of Institute of Industrial
Science (lIS), University of Tokyo, Japan (Takeuelial., 2003; Takeuchi and
Yasuoka, 2004). All images were already geometyicabrrected and registered to
the World Geodetic System (WGS 84). Three band8IODIS images, i.e., band 1
(620-670 nm, red), Band 2 (841-876 nm, near inffave NIR) and band 6 (1628-
1652 nm, short-wave infrared or SWIR) of each 19-damposite from January to
December 2007 were needed. A total of 108 imagemégesx 3 compositesx 12
months) were downloaded. Images processing were ttothese images in order to
extract the monthly inundated areas from each easgtern province for subsequently
used as the major predictor variable in regressiodels.

3.3.4 Environmental data

Environmental data used as the independent (pgoefliariables in the analysis
for the variations of spatial relationships to teggirosis. Monthly rainfalls and
number of raining days in 2007, summarized for meast provinces were acquired
from Department of Meteorology and Department of&drrigation.

Various types of annual agricultural area in squdalometers of each province
in northeast region in 2007-2008 were obtained fritve Center for Agricultural
Technology Transfer and Services, Ministry of Aghiare and cooperatives through
the website: http://agtech.doae.go.th/database2/mlep. The type of agriculture
areas used as the predictor variables in regressmatels included:— a) paddy rice

areas, b) crop area, c) horticulture areas, djtoek areas, and e) aquaculture areas.
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Annual numbers of agricultural population by prae of northeast region in
2007 were also obtained from the same source asgheultural area. Density of
agricultural population per square kilometer ohtatgricultural areas was calculated

for each province and used as a predictor variablegression models.

3.4 Dataanalysis

3.4.1 Exploratory Spatial Data Analysis (ESDA)

First of all, themonthly incidence rates from 2003 to 2009 were calculated for
each province of Thailand. The incidence ratehis humber of new cases per
population in a given time period. It is calculateglthe division of number of cases
by number of populations in a particular provin€ais incidence rate can be referred
to ascumulative incidence. If the denominator is the sum of the person-tohthe at
risk population, this rate will be known as theidence density or person-time
incidence rate. This research used only the cumulative incideimcall analyses.
These incidence rates were, thereafter, referred the ‘raw incidence rates’ because
they were simply calculated by using only numesatord denominators.

To avoid the problem of variance instability, theidence rates were then
smoothed prior to making the maps of geographitsatidution of leptospirosisThe
Spatial Empirical Bayesian (SEB) method was usednmoth the incidence rates
before performing the visualization. This smoothipgcedure required a spatial
weights file to be specified. This weight file wased to impose a neighborhood
structure on the data to assess the extent ofagitgibetween provinces and values.
The queen contiguity weighting method was usedréfbee, the provinces that either

share border or vertex with a particular provinerewcategorized as neighbors.
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GeoDa™ v.0.9.5-i, released on August 3, 2004 (Ams2004), were used to
calculate the SEB smoothed incidence rates at tbeineial scale. Maps of these
smoothed incidence rates were created. ERtGIS™ 9.0 were used for making
maps that visualized the variations of leptospgascidence in space and time. The
5-category choropleth map was used as the mappkitponh for thesegaw and
smoothed incidence rates.

Furthermore, the “Excess Risk” was calculatedefach province and each year
during 2003-2009. The excess risk is the ratichef abserved rate to the overall rate
computed for all the data. Overall rate is cal@daas the proportion of the total sum
of all cases over the total sum of all populati¢hsselin, 2005). Excess risk of each

province can be calculated using equation below:

ER = IR /IR (B.1

The term ERi denotes the excess risk at provini& refers to incidence rate
of province i, and IRrefers to incidence rate of entire study area i(&hd).
Provinces with excess risks greater than 1 areritnances that have higher risks than
the overall average. In contrast, provinces witltess risks less than 1 are the
provinces that have lower risks than the overadrage.

3.4.2 Analysesfor leptospirosisclusters

Analyses for spatial cluster were performed tcedwuine the significant local
clusters by using spatial scan statistic. Furtheemntemporal clusters and spatio-
temporal clusters were evaluated using temporal aca space-time scan statistics,
respectively. SaTScan™ software was used to caryhese analyses. This software

was developed under the joint auspices of (i) MaKulldorff, (ii) the National
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Cancer Institute and (iii) Farzad Mostashari at Mewv York City Department of
Health and Mental Hygiene. In this study, the \ansi.O released on August 14, 2006
(Kulldorff and Information Management Services Jri2006) was used. This software

can be freely downloaded hattp://www.satscan.orgThis method imposes a circular

scanning window on the map and lets the centdneotircle move over the study area
so that at each position the window includes d#fer sets of neighboring
administrative areas (Kulldorf, 1997; Kulldorf dt,d998). For each circle centroid,
the radius varies continuously from zero to a ukdimed maximum. The test statistic
adopted is the likelihood ratio, which is maximizexer all the windows to identify
the most likely disease clusters.

The number of leptospirosis cases in each provisc&oisson-distributed
according to a known underlying population at riSkie spatial scan statistic,
temporal scan statistic, and space-time scan tetatigth Poisson-based model were
used to locate the significant spatial cluster, geral cluster, and spatio-temporal
cluster of leptospirosis, respectively. Outputstlodse analyses were transferred to
ArcGIS software for making the maps.

3.4.3 MODISimage processing

Computer software ERDAS Imagine 9.0 was used toaga the data. Subsets
of images that cover the area of northeastern dihailvere prepared for the analyses.
Normalized Difference Vegetation Index (NDVI) andirid Surface Water Index
(LSWI) images were created using surface reflegavelue from each band and
calculating according to Equation (3.2) and (3r8%pectively (Xiao et al., 2005; Xiao

et al., 2006).
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Loir T Proa (3.2)

NDVI =

LSWI = Lar— Pow
Prir T P yir (3.3)

An algorithm to identify flooded areas and riceldi which developed by Xiao
et al. (2005) were applied and mainly used to iflerwater bodies and other
inundated areas through the images of NDVI and L$WMder hypothesis that — a
temporary inversion of the vegetation indices, wheBW!I either approach to or is
higher than NDVI values, may signals flooding irdgg rice field. This algorithm is
pixel-oriented which focuses on the period of flmad According to this algorithm a
pixel was classified as water if NDVI<0.10 and NBEWI. A procedure for

implementation of the algorithm was shown in FigBr2.
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MODIS cloud-free 10-day composites of surface méflace
Band 1 (red), band 2 (NIR) and band 6 (SV

A4

Maps of 10-day composite
NDVI and LSW

A4

Permanent water bodies and inundated arg¢as
mepping algorithn

Permanent Watel‘:
bodies mas! !

Maps of inundated areas

Figure3.2 Diagram of algorithm for mapping of inundatedas.

The schematic diagram shown in Figure 3.3 illusgahe spatial modeler of
ERDAS Imagine 9.0 software for processing the irsage NDVI, LSWI, and the
water body and other inundated areas. These mdaelgated the processing of

series of images.
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Either if condi “H1)/(CH2+CHI)
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Water body + other inundated area

n3_asiaZ0040101

Figure 3.3 Spatial model for processing the images of ND\AWI, and water

body plus other inundated areas.
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The product images from this algorithm were amdkof water areas included
permanent water bodies and other types of inundateals. Permanent water bodies,
in fact, were typically constant over time whilehet inundated areas were often
varied from time to time.

The purpose of this section was to detect the hipmariations or changes of
inundated areas which might be one of the imporfaedictors of leptospirosis
transmission. The areas of permanent water bothesefore, should be removed
from the product images. The remaining areas wbeldnundated areas other than
permanent water bodies. For this reason, one magkrmanent water bodies was
generated and overlaid to each product image. Fa¢ images were obtained after
subtracting the permanent water bodies from thasages and would be used in
further analyses. Therefore the term ‘inundatedasirenentioned thereafter was
referred to the inundated areas which was alreagjusive of permanent water
bodies.

A total of 36 maps (3 maps a month) of inundateshs in 2007 were created.
Subsequently, provincial boundary map of the stda was overlaid to each image
to generate summaries of inundated areas (in sqikreach month. The average
values of those areas from the three maps of eamtthnwere calculated for each
province. These variables were used as the pregictaegression analysis to test for
their spatial relationships to leptospirosis incice.

3.4.4 Accuracy assessment of image classifications

The accuracy assessment of MODIS flood land prisdwas carried out using a
raster map of water body as the reference. Thisrasap was created by converting

from the vector layer of water body from L7018 mapeer the same area as the
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classified image. The cell size of such raster map set up as 458 meters which was
the same as the pixel size of MODIS classified iesagrhe accuracy assessment
obtained by using the test function from ERDAS linag.0 software.

3.4.5 Analysisfor spatial relationship between leptospirosis and predictor
variables

Geographically Weighted Regression (GWR) was usedest whether the
spatial variability of independent variables (i.environmental and some other
factors) exhibits significant relationship with teppirosis. GWR is the extension of
classical OLS regression. GWR is a kind of localtistics which allows local
parameters to be estimated, while OLS iglabal or aspatial regression which
assumes the relationship under study is constast epace and the regression
coefficient is estimated to be the same for alldtuely area.

Global regression model can be written as:

l0g(EX)) =Po+ PiX1 + PXo +.... PnXn + € (3.4)

where log(EX)) denotes the logarithm of expected rate of oueahthe |
observation, X... X, denote the set of independent variallgsienotes the intercept
of the modelB;.... Bn denote the regression coefficients of independantable x
...Xn, @ande denotes the regression residual.

The basic GWR model can be written as:

log(E{i)) = BO(U, Vi) + Ba(ui,Vi)X1 + Ba(Ui,Vi)X2 +... Bn(Ui,Vi) Xn+ & (3.5)

where (4vi) denotes the coordinate of tH& point in space,Bq(u;,v;) denotes

the regression coefficient of independent varixhlat point i.
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The computer program TerraSeer®  Space-Time igégite System™
(Terraseer STIS) was used for this analysis. Poisssed models for global
regression and GWR were selected for the reasdrthtbadependent variable in this
study (leptospirosis cases) was Poisson-distriboyeits nature. Thus, GWR analysis
in this study was then referred to as Geograplyidakighted Poisson Regression —
GWPR (Nakaya, Fotheringham, Brunsdon and Chark0@5).

The dependent or response variable used in the RGEvialyses was the number
of leptospirosis cases in each province, while tmembers of populations
(denominators) were put as the weight dataset imssBo model type. The
independent variables were: - water and flood kg extracted from MODIS (K
population density (per kij agricultural area (kf), monthly rainfall (mm), number
of raining days in a month, monthly average of mimm temperature, and monthly
average of maximum temperature.

The incubation period of leptospirosis varies frarweek to a month. The man
exposed to risk factors at a time might have getsymptom a week to a month later.
The data of some independent variables of a péatianonth must be, therefore,
associated to the data of dependent variable inoathmlater. So, in this study,
independent variables during January 2007 to Deeer®®07 were used to analyze
with corresponding to the leptospirosis cases @eduin February 2007 to January
2008, respectively.

Both global Poisson regression and GWPR were padd using leptospirosis
case counts as dependent variable and the envirdahfactors described above as
independent variables (Jacquez, n.d.). Firstiybal Poisson models were applied to

measure global relationships between dependent imashebendent variables. All
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independent variables were put to the model andhketprogram selected the best
subset of variables to be in the final model byhgghe log likelihood as the model
selection criteria. Parameter estimates from tmal fimodel were used for the
interpretation. Regression residuals of the finabdel were test for global
autocorrelation. Global Moran’s | was calculatednfr TerraSeer STIS software. If
there was no autocorrelation of the residuals, rflationships were considered
constant over study area. In contrast, if the aurtetation significantly existed, those
relationships were varied spatially and only thealdype of regression must be used
for the explanation of the variation. GWPR mode&se applied to the same dataset
to determine the local relationships. The indepatdariables for this GWPR were
the same as final model in global Poisson regrassiine geographic weighting
selected for using in GPWR analysis was a set ofn2@rest neighbors. The
regression weight method was set as “equal weightie centroids of districts of all
provinces in northeast region were used as theessgm points. Therefore, the
regression coefficients of each variable at evesyridt controids were obtained and

mapped to show there variations over study area.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Results

The results were divided into three main partsnely, i) spatial and temporal
distribution of leptospirosis by province in wholhailand during 2003-2009, ii)
spatial clusters, temporal clusters and spatio-teailusters of leptospirosis, and iii)
spatial variations in the relationship among prexticvariables and spatio-temporal
dynamics of leptospirosis infection in northeasténailand.

4.1.1 Spatial and temporal distribution of leptosprosis

During 2003-2009, a total number of 27,860 caskEdeptospirosis were
reported to the surveillance system. Sixty eightcget (19,063 cases) were in
northeast region, whereas the rest 15%, 11% an&é8 from the North, South and
Central regions, respectively. The incidence ofdspirosis in whole Thailand ranged
from 4.6 to 8.5 per 100,000 populations (Table.4.1)

Figure 4.1 shows the annual incidence rates db$girosis in each region. It
reveals that the incidence rates in central anthnmegion appeared to be less varied
throughout the study period whilst incidence ratethe south region were gradually
increasing year by year from 2003 to 2009. Thetdiaton pattern of incidences in
northeast region was quite different from the athdihe line graph of incidences of
northeast region was U-shaped distributed. The imgidence rates were observed at

the beginning (2003) and at the end (2009) of sp&tyod with the rates of 17.7 and



17.5 per 100,000 population, respectively.
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The nmapFigure 4.2 shows the

comparison of leptospirosis incidence rate distrdyuby region from 2003 to 2009.

Table 4.1 Annual cases and annual incidence rates (/100,60Qeptospirosis by

regions, 2003-2009.

Central North Northeast South Total
vear Cases Rate CasesRate Cases Rate CasesRate Cases Rate
2003 180 087 773 6.38 3,829 17.7080 2.13 4,962 7.88
2004 175 085 416 348 2,421 11.2887 221 3,199 5.12
2005 145 0.71 540 455 1920 9.02 263 3.10 2,86%1 4.
2006 406 195 936 7.87 2,177 10.2M22 493 3,941 6.29
2007 222 106 546 459 2038 953 435 506 3,2416 5.
2008 213 1.00 491 413 2926 13.6680 6.67 4,210 6.66
2009 219 0.88 522 440 3,774 17.5M24 10.35 5,439 847
Overall 1,560 4,224 19,085 2,991 27,860

20
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Figure 4.1 Annual incidence rates of leptospirosis by reg03-20009.
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Figure 4.2 Distribution of leptospirosis incidence rates bgiom, 2003-2009.

The annual incidence rate of leptospirosis of gavince of Thailand from
2003 to 2009 was shown in Table 4.2. The provindé Wwighest incidence rate in
each year was highlighted. The highest incideratesr from 2003 to 2009 were
observed in Sisaket, Kalasin, Phayao, Nan, Kala@noyirum and Ranong,

respectively.



Table 4.2 Annual incidence rates of leptospirosis by proein
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Annual Incidence Rate (per 100,000)

Region  Province 2003 2004 2005 2006 2007 2008 2009
Bangkok 0.02 0.09 0.05 0.14 0.04 0.26 0.16
Samut Prakarn 0.00 0.00 0.09 0.55 0.54 0.00 0.52
Nonthaburi 0.00 0.32 0.63 0.41 0.10 0.10 0.00
Pathum Thani 0.55 0.40 0.13 0.12 0.23 0.33 0.00
Phra Nakhon Sri Ayuthay 1.20 0.40 0.67 3.06 2.39 3.01 3.12
Ang Thong 2.41 1.74 1.06 1.76 1.06 0.70 1.05
Lop Buri 0.65 0.79 1.47 2.13 1.20 1.06 0.27
Sing Buri 0.90 0.90 1.37 7.82 0.46 1.39 0.00
Chai Nat 8.00 5.21 3.52 9.13 7.96 8.32 7.74
Saraburi 417 2.95 3.17 8.09 1.15 2.91 0.80
C Chon Buri 0.09 0.17 0.26 0.59 0.25 0.56 047
E Rayong 4.17 2.36 1.27 6.53 244 1.02 0.67
N Chanthaburi 2.36 6.76 3.83 2339 9.95 11.07 9.65
T Trat 0.00 0.00 0.00 1.37 0.91 1.81 1.80
R Chachoengsao 0.46 0.46 0.46 0.77 0.31 0.30 0.00
A Prachin Buri 0.88 1.56 0.67 0.66 0.44 1.09 0.00
L Nakhom Nayok 1.99 240 2.00 0.80 2.00 1.20 0.80
Sa Kaeo 3.33 3.71 3.91 8.00 7.06 1.48 2.96
Ratchaburi 0.12 0.85 0.37 0.36 1.33 0.12 0.12
Kanchanaburi 0.75 1.00 0.37 0.24 0.72 1.79 2.62
Suphanburi 1.73 1.17 0.95 1.54 1.07 0.36 0.36
Nakhon Pathom 0.25 0.00 0.25 0.00 0.12 0.00 0.00
Samut Sakhon 0.00 0.00 0.00 0.22 0.00 0.00 0.21
Samut Songkhram 0.49 0.00 0.00 1.54 0.00 0.00 1.03
Phetchaburi 0.65 0.00 0.00 0.44 0.00 0.22 0.00
Prachuap Khiri Khan 0.82 0.41 0.83 1.02 0.61 0.20 0.60
Chiang Mai 1.63 2.10 3.23 453 2.41 1.56 3.11
Lamphun 0.25 0.74 0.99 0.99 1.23 0.00 0.00
Lamphang 20.53 6.47 797 10.96 5.04 5.20 3.26
Uttaradit 414 5.67 4.68 4.06 3.64 4.52 3.66
Phrae 2026  10.26 762 12.98 5.55 2.80 3.88
Nan 1629 1021 17.79 67.17 16.96 1657 1849
N Phayao 1940 1172 2584 2117 1748 1663 14.98
(0] Chiang Rai 11.01 412 3.36 743 11.01 7.75 5.30
R Mae Hong Son 2.51 456 1367 10.22 3.92 2.76 4.75
T Nakhon Sawan 1.06 0.64 0.84 1.95 1.77 1.58 2.70
H Uthai Thani 3.55 1.80 5.21 4.90 1.53 5.81 3.05
Kamphaeng Phet 1.43 0.00 0.00 0.00 0.55 0.69 2.07
Tak 0.00 0.39 1.35 6.29 1.71 2.06 0.74
Sukhothai 0.32 0.49 0.49 0.33 0.99 1.32 1.82
Phitsanulok 4.61 3.39 1.43 2.73 2.25 2.61 4.98
Phichit 1.01 0.00 0.18 0.90 1.43 1.80 3.79
Phetchabun 5.83 3.60 2.79 5.09 3.79 3.7 412
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Table 4.2 (Continued).

Annual Incidence Rate (per 100,000)
2003 2004 2005 2006 2007 2008 2009

Region  Province

Nakhom Ratchasima 8.12 6.24 4.36 415 2.50 3.60 5.22
Burirum 2355 13.90 543 782 1262 4698 4164
Surin 2473 2693 954 1207 1120 1725 4485
Sisaket 4042 1019 1664 2270 3311 2247 4267
Ubon Ratchathani 14.23 6.50 4.81 6.97 5.10 720 12.03
N Yasothon 542 1444 1182 10.90 3.88 3.15 2.60
(0] Chaiyaphum 10.99 4.70 6.62 6.17 2.06 410 517
R Amnat Charoen 7.56 7.32 3.80 542 4.34 4.88 8.39
T Nong Bua Lam Phu 1342 11.26 5.65 1.41 2.01 0.60 3.60
H Khon Kaen 3109 1196 1387 1990 1348 1950 19.36
E Udon Thani 6.63 5.16 8.87 5.51 6.61 1096 13.28
A Loei 2239 2867 1946 1844 9.78 2755 33.80
S Nong Khai 11.85 8.84 20.09 20.27 8.45 9.51 7.39
T Maha Sarakhom 14.62 6.07 3.85 4.48 4.69 6.30 9.82
Roi Et 3228 1048 10.30 6.03 473 6.27 10.63
Kalasin 2590 3825 1553 2401 34.03 3896 2432
Sakon Nakhon 6.93 3.61 6.53 7.95 2.25 2.87 6.63
Nakhon Phanom 0.28 0.71 0.72 0.14 4.03 143 1.14
Mukdahan 2.36 9.53 4.50 2.09 6.56 2.08 1067
Nakhon Sri Thammarat 2.87 2.11 2.00 3.12 556 15.76 8.33
Krabi 2.36 0.26 0.51 2.25 1.49 1.45 1.91
Phangnga 11.25 625 1165 1561 1508 2496 36.81
Phuket 1.46 1.77 4.15 5.06 6.65 4.98 7.95
S Surat Thani 2.59 1.17 0.85 0.84 1.67 2.56 4.07
(0] Ranong 7.35 5.30 451 29.05 334 1541 123.68
U Chumphon 2.31 4.00 4.43 545 1.46 4.97 1.65
T Songkhla 0.86 1.09 4.26 5.50 4.40 4.36 6.51
H Satun 1.10 0.00 0.00 0.36 4.62 2.79 9.7
Trang 0.99 7.64 551 11.08 8.40 4.08 7.64
Phatthalung 1.59 1.79 1.40 1.79 477 496 2277
Pattani 0.16 0.00 0.16 2.36 6.29 2.81 3.1
Yala 1.95 2.16 2.60 343 2.56 3.17 442
Narathiwat 1.56 2.28 6.60 6.68 8.63 4.47 8.47

Note: The highlighted cells indicate the highesidence rates.

Monthly fluctuation of leptospirosis incidence gatin Thailand during 2003
and 2009 was showed in Figure 4.3. It illustratleat tthe highest leptospirosis
incidences were occurred during the late rainy @ead each year varying around

August to October.
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Figure 4.3 Monthly incidence rates of leptospirosis in Thada2003-2009.

Raw annual incidence rate and SEB smoothed incelesite by province were
calculated and mapped in Figure 4.4 and 4.5, réispbc Those maps illustrate few
different between raw rates and SEB smoothed rdtes to the instability of
variances. The interpretation and comparison otolprosis incidence between
provinces by using raw rates might be done witrs.bldsing the smoothed rates
instead of raw rates is more efficient and lessdida However, both kinds of rates
showed similar patterns that leptospirosis inciéerates in northeast provinces were
higher than other regions every year. Incidencesraf many provinces of northeast
region and some provinces in north region werednghan in the central region and
the upper part of south region. Similar patternsrewebserved in every year
throughout the study period. The comparisons betwae and smoothed incidence
rates in each province by each year were shownigaré& 4.6 as the maps and in

Appendix A as the tables with the values of incokenates.
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Figure 4.4 Raw incidence rates of leptospirosis by provjr2g®3-2009.
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Figure 4.5 Smoothed incidence rates of leptospirosis byipo®, 2003-2009.
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Figure 4.6 Comparison of raw and SEB smoothed incidence dtkptospirosis by

province, 2003-2009.
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Excess risk map was produced to facilitating the who want to know how
many times the risk of being a leptospirosis caseach province as compare to
overall average risk calculated from data of enfiiteailand. These maps were
portrayed in Figure 4.7. Provinces with excesk oisgreater than 1 were those with
higher risks than the overall risk. On the othendygrovinces with excess risk of less
than 1 were the lower risk provinces. For everyrydee higher risks were observed
in most of northeastern provinces and some nortpesiinces. A few provinces in
southern Thailand, Ranong and Phang Nga, got hgihamost every year. The
details of excess risks by province in the sepdrgsars from 2003 to 2009 were
presented in Appendix A.

4.1.2 Spatial, temporal and spatio-temporal clusts of leptospirosis

4.1.2.1 Spatial clusters

Seven significant spatial clusters of leptospsagere detected by purely spatial
analysis. Figure 4.8 demonstrated the distributbthese spatial clusters. The most
likely cluster was in four provinces of northeasgion, i.e., Burirum, Surin, Sisaket,
and Roi Et (province code: 31, 32, 33, 45). Th@sdand the third clusters were also
in northeast region while cluster 4 to 7 clustereni@ other region.

Table 4.3 showed details of each significant spafiuster. It pronounced the
number of province(s) in each cluster, as well asi\lmer of population, numbers of
observed and expected cases, relative risk, analyes. The relative risk showed
how many times the observed incidence rate washitian the expected rate in each
cluster. There were 8,154 leptospirosis cases 051638,662 population occurred in
the first cluster. The relative risk of this clustwas 4.18. This means that the

incidence rate in this cluster was 4.18 times ntloa@ the expectation.
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Figure 4.8 Maps of significant spatial clusters during 2€ZD09.
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Table 4.3 Detall characteristics of purely spatial cluster

No. Province Population Observed Expected Relative P-

Cases Cases Risk Value
Burirum,
Surin,
1 . 5,678,662 8,154 2,512.12 4.18 <0.001
Sisaket,
Roi Et
2 Kalasin 979,213 1,969 433.18 4.82 <0.001
Nong Bua Lamphu,
Udon Thani,
3  Loei, 5,302,374 5,098 2,345.66 2.44 <0.001
Khon Kaen,
Nong Khai
Phayao,
4 Chiang Rai, 2,667,056 2,321 1,179.85 201  <0.001
Phrae,
Nan
5 Phangnga 243,915 299 107.90 2.79 <0.001
6 Ranong 176,263 341 77.97 4.42 <0.001
7  Chanthaburi 503,482 337 222.73 1.52 <0.001

4.1.2.2 Temporal cluster
There was only one significant temporal clusteleptospirosis occurred during
July to November 2009. This denoted that there evdg one significant temporal
cluster of months with high leptospirosis withownsidering the places where the
cases were infected. The outputs were shown ineTé&ldl and Figure 4.9 and revealed
that there were 3,649 cases observed in this teahploster while its expectation was

only 1,678 cases. The incidence rate was 2.35 tingg®r than the expected one.
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Table 4.4 Detail characteristic of purely temporal cluster.

Cluster Time Annual Cases Observed Expected Relative P value
No. Period per 100,000 Cases Cases Risk
1 Jul-Nov 13.7 3649 167793 235  <0.001
2009 ' ' A ' '
2.0 T

Temporal cluster
(July-November 2009y

2003 2004 2005 2006 2007 2008 2009
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Figure 4.9 Monthly incidence rates of leptospirosis in Taad with a significant

temporal cluster.

4.1.2.3 Spatio-temporal cluster
There were eleven space-time clusters signifigastturred in Thailand during
2003-2009 (Figure 4.10 and Table 4.5). Three omtli€luster 1, 2, 6 in Table 4.4)
were in northeast region with quite high relativeks of 13.3, 6.9 and 7.4,
respectively. The first cluster composed of 3 pmoes in northeast region, i.e.,

Burirum, Surin and Sisaket which had occurred dudaly to November 2009. More
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than 1400 cases of leptospirosis were observediighduster, while the expected
cases were calculated only 115.3 cases. The secster in northeast region
comprised 4 provinces, i.e., Khon Kaen, Mahasanakigoi Et and Kalasin which
had occurred between July and October 2003. Therods cases were 1,019 cases
and the expected cases were 133. Another one rclastaded Loei and Nong Bua
Lamphu in between July and October 2004. Even tisemwved cases in this cluster
were 187 cases which were very few as compardaetéormer clusters, the expected
cases in this area were only 29.5. It built relatiisk high enough to be a significant
cluster.

The remaining clusters were scattered in othelonsg i.e., 3 clusters in the
north, 3 clusters in central region and 2 clusiaerghe south. The reports from

flooding database dfiAll - Hydro and Agro Informatics Institute (www.haii,or.th

or www.thaiwater.nef) were used for the additional explanation of esphce-time

clusters. Each individual cluster was compared Adl ilood incidence records. Five
space-time clusters were related to the place iamel af flood incidence recorded in
HAIl database, while the rest six clusters were. it 3 space-time clusters in
northeast region did not coincide with flood. Tdtesters which occurred coincident
with flood were cluster 3 (Nan), 4 (Ranong), 8 (Nak Sri Thammarat, Krabi,
Phangnga, Phuket, Trang, Phatthalung), 10 (Sing & Chai Nat) and 11 (Tak).
The selected flood events which occurred coincideth these spatio-temporal

clusters were shown in Table 4.6.
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Figure 4.10 Maps of significant spatio-temporal clustersiagr2003-2009.

Cluster 3 (Nan) and cluster 4 (Ranong) were végh helative risks (56.5 and
37.5, respectively). Relative risks of the remagn8 clusters (cluster 8, 10, 11) were
not so high but they exhibited the statisticallgnsiicant. These results might draw
the conclusion that flooding disaster in the naaslieregion did not show the
outstanding amplification of leptospirosis transsros, while flooding in other region
might trigger leptospirosis transmission. In adufiti the flooding database of HAII
documented that the well-known typhoon ‘Sang Saaswccurred in September
2006. It devastated wide areas included areas m Neg Buri, Chai Nat and Tak.
This might be a reason why cluster 3, 10 and 1leveanificantly occurred during

that time.
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Table 4.5 Detail characteristics of spatio-temporal cluster

Observed Expected Relative P-

Province Time Population
value
Burirum, Jul-Nov
Surin, 4,366,537 <0.001
. 2009
Sisaket
Khon Kaen,
Maha Sarakhom, Jun-Oct
Roi Et, 2003 4,983,818 <0.001
Kalasin
Aug-Sep
Nan 2006 478,716 <0.001
Jun-Nov
Ranong 2009 176,263 <0.001
Chaing Mai,
Lamphun,
Lamphang,
Phrae, Ju-Oct 5 565 975 <0.001
2003
Phayao,
Chiang Rai,
Mae Hong Son
Loei, Jul-Oct
Nong Bua Lam Phu 2004 1118819 <0.001
. Sep-Nov
Chanthaburi 2006 503,482 <0.001
Nakhon Sri
Thammarat,
Krabi, Jun-Nov
Phangnga, 3,564,546 <0.001
2009
Phuket,
Trang,
Phatthalung
Saraburi Oct 2009 612,787 <0.001
Sing Buri, Jul-Oct
Chai Nat 2006 559,418 <0.001
Tak Juk-Oct 555 153 0.026

2006
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Table 4.6 Summary of flood events which occurred coincidéith some spatio-

temporal clusters.

Month-Year Affected Region  Affected Province

Aug-Sep 2006  North Nan, Payao, Chieng Rai
Sep-Oct 2006  Central Chai Nat, Sing Buri, Suphan Buri,
Ang Thong
North Tak, Sukhothai
Jul 2009 South Ranong, Satun, Trang, Phang Nga
Nov 2009 South Nakhon Sri Thammarat,

Trang, Phatthalung, Songkhla

4.1.3 Spatial variations of the relationships amam predictor variables and

leptospirosis in northeast region
4.1.3.1 MODIS data processing

Since leptospiral bacteria survive in water andimumoist soil condition, the
temporal variation of the areas with such conditronst be investigated for the
evaluation of possible relationships to the incmierof leptospirosis. Amount of
inundated areas, therefore, was set as a mainr fattinterest of this research.
MODIS data were selected due to its high tempasblution could serve the needs
of this research.

Cloud-free 10-day composite MODIS images over tloetheast region of

Thailand in 2007 were processed by methods destrlbeve. Series of 36 NDVI
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images and 36 LSWI images were produced. Thirtyiraixges of inundated areas (3
images per month) were obtained after analyzinguéipng the proposed algorithm.
The example images of NDVI, LSWI and inundated sresere demonstrated in

Figures 4.11 to 4.13.
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Figure 4.11 Example of 2 images of NDVI over northeast region.
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Figure 4.12 Example of 2 images of LSWI over northeast region.
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Extracted inundated areas (1-10/4/2007)
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Figure 4.13 Example of an image inundated areas of extracted MODIS data.

Provincial boundary map was overlaid on each imageinundation to
summarize the quantities of inundated areas of paatince (in square kilometers)
by using zonal operation function in ArcGIS softeaFinally, monthly average of
inundation areas for each province was calculatetthe result was shown in Table
4.7.

The assessment of the accuracy of MODIS imagsititzgtions was done prior
to using the output as an independent variableunthér analysis. The overall

accuracy was 92.2 percent while agreement in thssification of inundated area is
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good (Kappa=0.74). The detail of the assessmentltsesvere demonstrated in

Appendix B.

Table 4.7 Inundated areas (sg km) in northeast region in726gtracted from

MODIS images.
Code  Province Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
30 Nakhom 221 324 118 36 2750 1779 727 1668 2610 1924 311 378
Ratchasima
31 Burirum 160 122 69 38 1798 2279 573 68.1 78.8 59.7 284 208
32 Surin 42 23 04 15 248 8.4 208 31.0 412 1334 134 55
33 Sisaket 48 63 29 32 294 174 52.1 798 1076 733 139 48
Ubon
34 124 120 46 57 179 1620 903 1270 1636 1464 382 149
Ratchathanee
35 Yasothon 06 13 00 00 44 48 0.0 385 771 321 5.0 1.7
36 Chaiyaphu 32 61 5.7 § =225, 18.3 252 4601 2894 1187 246 126 101

37 AmnatChareon 40 46 29 29 48 44.7 31.9 440 56.1 9.5 6.1 5.7

39  NongBua 04 04 00 08 00 08 126 72 19 153 25 21
Lamphu
40 Khonkaen 90 65 25 08 32 76 800 604 408 513 170 101

41 Udon Thanee 69 55 44 38 1.3 216 83.0 76.4 69.7 435 197 116

42 Loei 63 27 27 74 141 191 3063 1636 210 16.8 153 6.9

43 Nong Khai 401 445 410 420 609 1086 1294 200.0 2706 1473 1099 96.0

44 Maha Sarakham 1

—_

A1 48 1.7 1.9 4.8 18.7 0.8 133 25.8 294 132 9.7

45 Roi Et 50 32 04 06 71 218 0.6 47.2 93.7 97.1 28.1 76

46 Kalasin 134 111 21 25 27 244 8.6 32.2 55.9 85.5 290 189

47 Sakon Nakhorn 82 67 32 32 9.7 998 1273 1621 1968 223 120 149

4g  Nakhon 393 437 195 160 443 1428 662 1516 2370 798 546 576
Phanom
49 Mukdahan 18 179 82 160 134 676 267 250 233 321 170 202

All provinces 219 224 121 118 716 1201 1627 1783 1940 1292 467 357
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Figure 4.14 Monthly variation of inundated areas in northeagion in 2007.

Figure 4.14 illustrates monthly variation of inaed areas in northeast region
in 2007. Inundation areas were small during thst #r months (January-April) and
then increasing month by month from May to reaah lighest in September. The
flooded areas were abruptly decreasing in October antinuing until December.
This information supported the results from tempaad spatio-temporal cluster
analyses. Temporal distribution of leptospirosisswia the months with high
inundation areas. The data of inundated aneakable 4.7 were used as major
independent variable in regression analyses.

4.1.3.2 Global and local regression analyses

Before performing regression analysis, each indeget variable was explored
for the normality of the distribution. Two variablei.e., Inundated areas and
Rainfall were skewed. Therefore, logarithmic transformatiarere applied to those

variables (Figure 4.15). The logarithmic valuestioése two variables were used
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instead of the original ones throughout the analy$ée list of independent variables

used for regression analyses was presented in fhle
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Figure 4.15 Histograms of skewed variables and their logarithtransformations.
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Table 4.8 Independent variables used in regression models.

Variable Name Description

Loginundat Loga;rithm of inundated areas extracted from MODIS
(km")

LogRain Logarithm of monthly rainfall (mm)

RainyDay Number of rainy days in a month

Paddy Rice paddy areas ( K

AgquaCult Aquaculture areas ( Km

Livestock Livestock farming areas ( k)

AgriDen Agriculture population density ( persons/kn

All independent variables were put into the gloBalsson regression model and
let the program find the best model. Table 4.9 sktbvthe summary of model
selection. The best model was the model with highekie of Log Likelihood and
comprised all of the seven variables. The parametmates (intercept and
regression coefficients), standard errors and peslere presented in Table 4.10.
The parameter estimates of all variables were highgnificant with very small p-

values.
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Table 4.9 Summary of global Poisson regression model.

Best Subset Sumary:

Terms Log likelihood
AgriDen AquaCult LogRain Loglnundat Livestock PadeiginyDay 4.593E 9
AgriDen LogRain Loglnundat Livestock Paddy RainyDa 4.583E 9
AgriDen AquaCult LogRain Livestock Paddy RainyDay 4.566E 9
AgriDen AquaCult LogRain Loglnundat Paddy RainyDay 4.565E 9
AgriDen LogRain Loglnundat Paddy RainyDay 4.562E 9
AgriDen LogRain Livestock Paddy RainyDay 4.558E 9
AgriDen AquaCult LogRain Paddy RainyDay 4.546E 9
AgriDen LogRain Paddy RainyDay 4.544E 9
AquaCult LogRain Loglnundat Livestock Paddy RainyDa 4.542E 9
AgriDen AquaCult LogRain Loglnundat Livestock Paddy 4.539E 9

Goodness of Fit:

DF Deviance Deviance/DF
220 2.299E 9 10450402
LogLikelihood 4.593E 9

Table 4.10 Parameter estimates of the final global Poisegression model.

Term D.F. Parameter est. Std error P value
Intercept 1 -0.57164 0.000173 0.0
AgriDen 1 0.00586 0.585E-6 0.0
AquacCult 1 0.007313 0.000002 0.0
LogRain 1 0.282194 0.000026 0.0
Loglnundat 1 0.25167 0.000035 0.0
Livestock 1 -0.00652 0.883E-6 0.0
Paddy 1 0.000322 0.205E-7 0.0

RainyDay 1 0.029022 0.000003 0.0
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The software also generated the regression rdgeluar term in the regression
equation) at each location in space. The residualg test for autocorrelation using
Univariate Local Moran Method as a test statisktoe test result shown in Table 4.11
revealed that local Moran’s | equal to 0.602 witle {p-value of 0.001. This means
there was spatial autocorrelation of residualsoimes locations in space. It indicated
that the spatial process of leptospirosis in n@sheregion appeared to be non-
stationary over the area. Therefore, Global Poigegnession model obtained earlier
could not be used for the explanation of relatigmshof those variables to
leptospirosis incidence rates. Subsequently, tlaisgdpnon-stationarity process was

assumed and local regression model must be usad aternative.

Table 4.11 Output result of the test for autocorrelatiorthed residuals.

Univariate Local Moran method

Number of randomizations = 999

Spatial weights set = Nearest 5 neighbors
Alpha level = 0.05

Use Simes correction = Yes

0.602089
0.001000

Moran's |

P value

The local regression used in this study was GWH GWPR analysis was
performed by the same software. All seven indepenhdariables shown in Table 4.8
were put into the model. The result revealed thaty ofour variables were
significantly fitted to the model. These predict@riables were:inundated areas;
agriculture population density; rainfall ; and number of rainy days. The model

parameter estimates (intercept and regressionicieelts) of those four variables at
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every regression points (district centroids) werbtamed. The program also
calculated the correlation coefficient, r, betweeach predictor variable and
leptospirosis incidence at each location. Theseetairon coefficients were also
mappable. The Choropleth maps of local parametenates (regression coefficients)
and correlation coefficient in Figure 4.16 to Figut.19 depict the variations in the

relationships between the incidence of leptospsrasid each predictor variable.

[ 1 Provincial Boundary | Provincial Boundary
Regression Coefficient Correlation Coefficient

-0.953 - -0.211 -0.23 -0.04

-0.211 - 0.064 0.04 - 0.28

0.064 - 0.255 0.28 - 0.45

0.255 - 0.747 0.45-0.59
B 0.747 - 1.386 N 0.59-0.73

@) ©)

Figure 4.16 Choropleth maps ofaf parameter estimates of inundated area, ahd (

correlation coefficients.

In Figure 4.16d), the influence of “inundated areas” on leptosgisancidence
rates varied substantially over the region. Sonmatlons were much affected and
some were less. The highest affected areas were datnicts in the lower right part
and a few districts in the upper right part of tegion. The correlation of inundated
areas and leptospirosis incidence rates in Figur@ @) portrayed the same pattern as

of the regression coefficients.
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“Agriculture population density” was also a sigrant predictor in the final
model. The areas with high regression coefficignts-igure 4.17 &) appeared at
some areas of Ubon Ratchathani, Khon Kaen and Maddsam province.
Leptospirosis incidence rates in other areas sede ess affected by this predictor.
The clusters of high correlation coefficients (Figd.17 b)) differed from the pattern
of regression coefficients. The correlation betwéeis predictor and leptospirosis
was high in those clusters, but the influence ofédmtor on the leptospirosis

occurrence was less.

| Provincial Boundary [ | Provincial Boundary
Regression Coefficient Correlation Coefficient
-0.86 - -0.63 -0.79 - -0.52
-0.63 - -0.05 -0.52 --0.23
-0.05-0.04 -0.23 -0.26
W 0.04 - 0.12 0 0.26-0.52
B 0.12-0.18 B 0.52 -0.85
@) ©)

Figure 4.17 Choropleth maps of parameter estimates of agriculture population

density, andlf) correlation coefficients.
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| Provincial Boundary || Provincial Boundary
Regression Coefficient Correlation Coefficient

-0.381 - -0.106 0.23-0.31

-0.106 - 0.276 0.31-0.41

0.276 - 0.683 0.41-048

0.683 -1.429 0.48 - 0.61
I 1.429-2.878 I 0.61-0.75

@ ©)

Figure 4.18 Choropleth maps of parameter estimates of amount of rainfall and (

correlation coefficients.

Effect of “Rainfall” on leptospirosis incidencetea was pronounced in some
areas in the upper and lower parts of the regioshasvn in Figure 4.18j. Amount
of rainfalls were likely to exhibit less effect the middle part of the region. The
distribution of high correlations (Figure 4.18) was in the same pattern.

The dispersion of regression coefficients of “Radays” in Figure 4.19&)
were clustered in some areas in the upper pamefegion. Other areas were less
influenced by rainy days. Figure 4.19) @epicts the variation of correlation between
number of rainy days and incidence rates of leptosis. The pattern was not much

different from the regression pattern.
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Figure 4.19 Choropleth maps of parameter estimates of number of rainy days,

and @) correlation coefficients.

4.2 Discussion

This research has demonstrated the use of gewmiatms and spatial statistics
in a spatial epidemiological study of leptospirosisThailand with the emphasis on
the northeast region. General results of this stadpported the evidence that
leptospirosis is a burdensome disease of humarthheal hailand which is the same
as other countries in the tropics where the appatgenvironmental conditions for
survivals of infective agents are available in #euntries. In some developed
countries, unlike Thailand, leptospirosis is a dg® of economics significance in
animal husbandry (Levett, 2001) rather than hurtiaess.

The spatial patterns of leptospirosis by regiombiland were obtained from
this study. Table 4.1 and Figure 4.1 generally sftbihat northeast region was

experiencing the highest incidence of leptospirdasioughout the study period.
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Figures 4.4 and 4.5 supported more scientific tesathd proved that leptospirosis
incidences in many provinces of northeast regiorewery high.

Monthly leptospirosis incidence rates in Thailahding 2003 and 2009 shown
in Figure 4.2 revealed the obvious seasonal pattémthe peak between August and
October in the late rainy season every year. Thmesgemporal patterns were
observed in other countries in Southeast Asia dweatwider environmental
contamination during the wet season (Riccardo amdigo, n.d.).

Recently, the issue of climate change and glolaainng has been raised up for
discussion in various forums worldwide. The chaggiclimate may affect
environmental conditions that lead to the chandekemospirosis transmissions in
either positive or negative directions in differémtations. The way this research did
can be used in the study of such changes. Firatl,othe ESDA should be done to
discover the true distribution of the disease. Tagearch used the smoothed rates for
the comparison of incidence across the study aféa map of smoothed rates
presented in Figure 4.4 was capable in the compawé the extent of leptospirosis
transmission among different provinces and differemits of time Moreover, the
excess risk map in Figure 4.5 displayed how mamedi the risk of each province
more or less than the overall average risk in Hmall From such maps, it is
interesting that some provinces in the south welagh risk but surrounded by low-
risk provinces. The high-risk provinces might haseme specific factors that
facilitated the transmission of leptospirosis. Mdegail studies are required to explain
such occurrence. These mapping results can be anaerial for the initiation of
further studies or further interventions. They te@nthe useful tools for health policy

makers too.
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The results in section 4.1.2 reveal that thereewggnificant spatial clusters,
temporal cluster and spatio-temporal clusters at ghovincial scale in Thailand.
These results prove that the first study hypothesis true. The purely spatial clusters
shown in section 4.1.2.1 express the heterogersditieptospirosis occurrence in
Thailand provinces. Not all provinces had the saamitiransmission of leptospirosis
during the study period. Three spatial clustersxamtheast region (comprising 10
provinces) were declared.

Most of leptospirosis cases in Thailand occurred aissociation to the
agricultural environment and flooding in some ar@ésewpa, 2002; Tangkanakul et
al., 2000; Tangkanakul et al., 2005). It was alsailar to leptospirosis situations in
Southeast Asia as reviewed by Riccardo and Bayugd.)(that climatic and
environmental conditions, population density andawsoral factors favored the
transmission of the disease in the Region. Resillisis study were slightly the same
and the significant factors associated to leptosgsr were inundation areas,
population density and number of rainy days. InzZBr#éeptospirosis occurred more in
urban than rural area, unlike Thailand, but thk fators were rather similar as such
the occasional flooded areas was an important rfastodisease transmission
(Barcellos and Sabroza, 2001; Correia et al., 2004)

The results supported that there were signifieaniations of the relationships
among the predictor variables (inundated areasulptpn density and number of
rainy days) and the incidence of leptospirosis sxrithe region. Therefore, spatial
non-stationarity was assumed. In spatial non-statip process, the same factor
causes a different response in different parthefstudy region. The same amount of

inundation areas caused a dissimilar leptospirosislence in difference provinces.



71

The actions of “population density” and “numberainy days” were also the same as
the “inundated areas” did. If this non-stationaniyocess is modeled by stationary
models, a wrong conclusion might be drawn.

The output results of parameter estimates mighbiae due to the modifiable
areal unit problem (MAUP). MAUP is the challengattloccurs during the analysis of
aggregated data in which the results differ whendhme analysis is applied to the
same data but using different aggregation scherme.dhta used in this study were
aggregated to the provincial unit. The results dodlffer from the results that
analyzed from the smaller aggregated unit, sudfisgct unit. This is a constraint of
this study that only province-aggregated data webgained under the Ilimited
resources. Nevertheless, this study tried to iolatp the parameter estimates to the
district unit in the local regression analysis [smg province centroids as the data
points and employed the district centroids as #gFassion points. The results might
not be as accurate as those drawn from the anabfsdistrict-aggregated data

themselves.



CHAPTER V

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Although the etiology and epidemiology of leptasgis have been understood
for many years and such understanding has led @od#wvelopment of helpful
prevention and control measures, more knowledgspatial and temporal pattern of
each specific and confined area is still requinedbider to use for launching most
appropriate measure to the specific place. THi®sgpective research attempted to
study the spatial and temporal epidemiology ofdspirosis and uncover the possible
factors that related to disease dispersion.

The study was designed to emphasize to the natthregion because of its
higher incidence than other regions. Result fromcdptive part of the research also
demonstrated the dense distribution in northeagsbme The output disease maps have
facilitated knowledge on geographical distributiohleptospirosis at the provincial
scale. Moreover, the maps of significant clustefrslisease were produced. They
indicated the areas of higher incidence and alswiged valuable information on
spatial pattern and temporal change of the diseesgences. Such maps have clear
advantages over the tables from classical reseaxhieh did not consider the spatial
aspects.

Cluster analysis using scan statistics can be wédut the need of prior test

for global clustering. Scan statistics can alsoeffectively used to scan for purely
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spatial clusters or purely temporal clusters ortisgamporal clusters. Location of

cluster can be ultimately obtained if the significgluster was available. The study
results reveal that there were seven spatial ckjstme temporal cluster and eleven
spatio-temporal clusters occurred in northeastoregiuring 2003 and 2009. The
output maps can show the disease hot spot and enagdal to identify the prominent

risk areas for leptospirosis infection in Thailandonsequently, they can help
highlighting the need for intervention or for fuethinvestigation.

The emphasizing analysis for spatial relationshiptween leptospirosis
incidence rates and environmental factors was pedd to the data of northeast
region between January and December 2007. The egrsensed data from MODIS
on-board the Terra Satellites were used to extrecinundated areas, the suspecting
factor that contributed leptospirosis transmission.

The results of this research also demonstrated viémgations in spatial
relationships among environmental factors and Eptosis incidences in northeast
region. Four significant factors were demonstrdted the local regression, GWPR
model. These variables were: i) amount of actuahdated areas, ii) agricultural
population density, iii) amount of monthly rainfalnd iv) number of rainy days in a
month. The parameter estimates (regression caoaife) as well as correlation
coefficients of these significant variables from B8R/ model were mapped using GIS
software. Those maps can depict the variationsntbfience of each factor on
leptospirosis infection across the area of northesggon.

The study also indicated that using of the preagdrithm to extract inundated
areas from MODIS images is helpful in the tempatally. Geoinformatic technique

is valuable in this study.
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5.2 Recommendations

This study was the initiative in using geoinformatechnique to study the
spatial epidemiology of leptospirosis in Thailandhathe emphasized on northeast
region. This region hold highest burden from leptassis as compare to other region
of Thailand. Further study should be pointed ouths disease by using smaller
aggregation unit of data in order to get more amteuresults. Health personnel that
responsible for leptospirosis surveillance and kamde data should aggregated raw
data of the cases into district or even sub-diskeieels. If so, the analysis results will
lead to more understanding of spatial processpibspirosis transmission.

Other environmental data (that might affect trensmission of leptospirosis)
such as, soil type, soil composition, salinity, asw on, were not available in this
study. If these environmental variables were inethdn the analyses, the better
explanation for leptospirosis transmission mighghaed.

This work was a retrospective study that utilizedot of secondary data and
some types of data which were already occurrechrimftion biases can be easily
arisen. These aspects should be considered irefusthdy. On the other hand if the
data are analyzed prospectively soon after thescasse recorded, the analysis

results can be effectively used in the near-reaétdisease warning system.
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APPENDICES



APPENDIX A

LEPTOSPIROSISINCIDENCE RATE BY PROVINCE

The raw incidence rates, SEB smoothed incidentes rand excess risk by
province was summarized annually in separated sabi®aw incidence rates and
smoothed incidence rates of each year were puthiegen order to facilitate the
comparison of these rates in each province. TallldcAA7 expressed the rates of

2003 to 2009, respectively.
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Table A1 Raw and SEB smoothed incidence rates and excs#ss by province,

2003.
Raw Incidence =~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.02 0.02 0.00
Samut Prakarn 0.00 0.02 0.00
Nonthaburi 0.00 0.03 0.00
Pathum Thani 0.55 0.55 0.07
Phra Nakhon Sri Ayuthay 1.20 1.20 0.15
Ang Thong 2.41 1.48 0.31
Lop Buri 0.65 0.89 0.08
Sing Buri 0.90 1.08 0.11
Chai Nat 8.00 7.27 1.02
Saraburi 417 419 0.53
c Chon Buri 0.09 0.15 0.01
E Rayong 417 3.92 0.53
N Chanthaburi 2.36 2.27 0.30
T Trat 0.00 0.81 0.00
R Chachoengsao 0.46 0.46 0.06
A Prachin Buri 0.88 1.34 0.11
L Nakhom Nayok 1.99 2.39 0.25
Sa Kaeo 3.33 3.49 0.42
Ratchaburi 0.12 0.30 0.02
Kanchanaburi 0.75 0.76 0.10
Suphanburi 1.73 1.74 0.22
Nakhon Pathom 0.25 0.26 0.03
Samut Sakhon 0.00 0.04 0.00
Samut Songkhram 0.49 0.28 0.06
Phetchaburi 0.65 0.45 0.08
Prachuap Khiri Khan 0.82 1.02 0.10
Chiang Mai 1.63 1.67 0.21
Lamphun 0.25 0.36 0.03
Lamphang 20.53 20.34 2.60
Uttaradit 414 4.26 0.53
Phrae 20.26 19.99 257
Nan 16.29 16.20 2.07
N Phayao 19.40 18.87 246
(0] Chiang Rai 11.01 11.00 1.40
R Mae Hong Son 2.51 1.84 0.32
T Nakhon Sawan 1.06 1.11 0.14
H Uthai Thani 3.55 3.35 0.45
Kamphaeng Phet 1.43 1.44 0.18
Tak 0.00 0.06 0.00
Sukhothai 0.32 0.44 0.04
Phitsanulok 4.61 4.63 0.59
Phichit 1.01 1.22 0.13

Phetchabun 5.83 5.88 0.74




TableAl (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 8.12 8.15 1.03
Burirum 23.55 23.48 2.99
Surin 24.73 24.83 3.14
Sisaket 40.42 40.21 513
Ubon Ratchathani 14.23 14.28 1.81
N Yasothon 542 5.80 0.69
0 Chaiyaphum 10.99 11.01 1.39
R Amnat Charoen 7.56 7.93 0.96
T Nong Bua Lam Phu 13.42 13.62 1.70
H Khon Kaen 31.09 30.92 3.94
E Udon Thani 6.63 6.75 0.84
A Loei 22.39 22.22 2.84
S Nong Khai 11.85 11.77 1.50
T Maha Sarakhom 14.62 15.69 1.86
Roi Et 32.28 32.18 410
Kalasin 25.90 25.80 3.29
Sakon Nakhon 6.93 6.97 0.88
Nakhon Phanom 0.28 0.56 0.04
Mukdahan 2.36 2.72 0.30
Nakhon Sri Thammarat 2.87 2.69 0.36
Krabi 2.36 245 0.30
Phangnga 11.25 10.11 1.43
Phuket 1.46 7.95 0.19
S Surat Thani 2.59 2.65 0.33
0 Ranong 7.35 6.63 0.93
U Chumphon 2.31 2.35 0.29
T Songkhla 0.86 0.96 0.11
H Satun 1.10 1.05 0.14
Trang 0.99 1.59 0.13
Phatthalung 1.59 1.63 0.20
Pattani 0.16 0.53 0.02
Yala 1.95 1.49 0.25
Narathiwat 1.56 1.44 0.20
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Table A2 Raw and SEB smoothed incidence rates and excsss Iy province,

2004.
Raw Incidence =~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.09 0.10 0.02
Samut Prakarn 0.00 0.06 0.00
Nonthaburi 0.32 0.22 0.06
Pathum Thani 0.40 0.40 0.08
Phra Nakhon Sri Ayuthay 0.40 0.47 0.08
Ang Thong 1.74 0.91 0.34
Lop Buri 0.79 1.01 0.16
Sing Buri 0.90 1.03 0.18
Chai Nat 5.21 448 1.02
Saraburi 2.95 2.99 0.58
c Chon Buri 0.17 0.22 0.03
E Rayong 2.36 2.35 0.46
N Chanthaburi 6.76 6.41 1.32
T Trat 0.00 0.95 0.00
R Chachoengsao 0.46 0.47 0.09
A Prachin Buri 1.56 2.04 0.30
L Nakhom Nayok 240 2.66 0.47
Sa Kaeo 3.71 3.93 0.73
Ratchaburi 0.85 0.74 0.17
Kanchanaburi 1.00 0.92 0.20
Suphanburi 1.17 1.17 0.23
Nakhon Pathom 0.00 0.08 0.00
Samut Sakhon 0.00 0.06 0.00
Samut Songkhram 0.00 0.23 0.00
Phetchaburi 0.00 0.32 0.00
Prachuap Khiri Khan 0.41 0.51 0.08
Chiang Mai 2.10 2.16 0.41
Lamphun 0.74 0.99 0.14
Lamphang 6.47 6.37 1.27
Uttaradit 5.67 5.65 1.11
Phrae 10.26 9.94 2.00
Nan 10.21 9.93 2.00
N Phayao 11.72 11.03 2.29
(0] Chiang Rai 412 414 0.81
R Mae Hong Son 4.56 3.39 0.89
T Nakhon Sawan 0.64 0.67 0.12
H Uthai Thani 1.80 1.69 0.35
Kamphaeng Phet 0.00 0.08 0.00
Tak 0.39 0.52 0.08
Sukhothai 0.49 0.65 0.10
Phitsanulok 3.39 3.41 0.66
Phichit 0.00 0.18 0.00

Phetchabun 3.60 3.64 0.70




Table A2 (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 6.24 6.25 1.22
Burirum 13.90 13.88 2.72
Surin 26.93 26.66 5.26
Sisaket 10.19 10.23 1.99
Ubon Ratchathani 6.50 6.67 1.27
N Yasothon 14.44 13.08 2.82
0 Chaiyaphum 4.70 4.78 0.92
R Amnat Charoen 7.32 7.55 1.43
T Nong Bua Lam Phu 11.26 11.29 2.20
H Khon Kaen 11.96 11.95 2.34
E Udon Thani 5.16 5.22 1.01
A Loei 28.67 28.06 5.61
S Nong Khai 8.84 8.83 1.73
T Maha Sarakhom 6.07 6.27 1.19
Roi Et 10.48 10.56 2.05
Kalasin 38.25 37.96 7.48
Sakon Nakhon 3.61 3.66 0.71
Nakhon Phanom 0.71 0.99 0.14
Mukdahan 9.53 9.61 1.86
Nakhon Sri Thammarat 211 211 0.41
Krabi 0.26 0.55 0.05
Phangnga 6.25 5.53 1.22
Phuket 1.77 7.95 0.35
S Surat Thani 117 1.29 0.23
0 Ranong 5.30 448 1.04
U Chumphon 4.00 3.70 0.78
T Songkhla 1.09 1.14 0.21
H Satun 0.00 0.30 0.00
Trang 7.64 7.28 1.49
Phatthalung 1.79 1.85 0.35
Pattani 0.00 0.36 0.00
Yala 2.16 1.86 0.42
Narathiwat 2.28 213 0.45
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Table A3 Raw and SEB smoothed incidence rates and excs#ss by province,

2005.
Raw Incidence =~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.05 0.06 0.01
Samut Prakarn 0.09 0.10 0.02
Nonthaburi 0.63 0.49 0.14
Pathum Thani 0.13 0.15 0.03
Phra Nakhon Sri Ayuthay 0.67 0.72 0.15
Ang Thong 1.06 1.06 0.23
Lop Buri 1.47 1.65 0.32
Sing Buri 1.37 1.33 0.30
Chai Nat 3.52 3.16 0.76
Saraburi 317 3.10 0.69
c Chon Buri 0.26 0.31 0.06
E Rayong 1.27 1.28 0.28
N Chanthaburi 3.83 3.55 0.83
T Trat 0.00 0.90 0.00
R Chachoengsao 0.46 0.47 0.10
A Prachin Buri 0.67 1.28 0.15
L Nakhom Nayok 2.00 2.18 0.43
Sa Kaeo 3.91 3.90 0.85
Ratchaburi 0.37 0.23 0.08
Kanchanaburi 0.37 0.41 0.08
Suphanburi 0.95 0.97 0.21
Nakhon Pathom 0.25 0.26 0.05
Samut Sakhon 0.00 0.08 0.00
Samut Songkhram 0.00 0.16 0.00
Phetchaburi 0.00 0.28 0.00
Prachuap Khiri Khan 0.83 0.92 0.18
Chiang Mai 3.23 3.26 0.70
Lamphun 0.99 1.38 0.21
Lamphang 7.97 7.93 1.73
Uttaradit 4.68 4.71 1.02
Phrae 7.62 7.70 1.65
Nan 17.79 17.63 3.86
N Phayao 25.84 25.31 5.60
(0] Chiang Rai 3.36 3.40 0.73
R Mae Hong Son 13.67 12.46 297
T Nakhon Sawan 0.84 0.90 0.18
H Uthai Thani 5.21 4.45 113
Kamphaeng Phet 0.00 0.27 0.00
Tak 1.35 142 0.29
Sukhothai 0.49 0.63 0.11
Phitsanulok 1.43 1.46 0.31
Phichit 0.18 0.37 0.04

Phetchabun 2.79 2.85 0.61




Table A3 (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 4.36 4.39 0.95
Burirum 543 549 1.18
Surin 9.54 9.54 2.07
Sisaket 16.64 16.38 3.61
Ubon Ratchathani 4.81 4.90 1.04
N Yasothon 11.82 11.66 2.56
0 Chaiyaphum 6.62 6.62 1.44
R Amnat Charoen 3.80 4.20 0.83
T Nong Bua Lam Phu 5.65 6.48 1.23
H Khon Kaen 13.87 13.75 3.01
E Udon Thani 8.87 9.01 1.93
A Loei 19.46 19.10 4.22
S Nong Khai 20.09 19.85 4.36
T Maha Sarakhom 3.85 4.25 0.83
Roi Et 10.30 10.34 2.23
Kalasin 15.53 15.14 3.37
Sakon Nakhon 6.53 6.62 1.42
Nakhon Phanom 0.72 0.91 0.16
Mukdahan 4.50 4.94 0.98
Nakhon Sri Thammarat 2.00 2.04 0.43
Krabi 0.51 0.70 0.1
Phangnga 11.65 10.99 2.53
Phuket 4.15 7.95 0.90
S Surat Thani 0.85 0.92 0.18
0 Ranong 4.51 4.37 0.98
U Chumphon 443 4.07 0.96
T Songkhla 4.26 4.08 0.92
H Satun 0.00 1.14 0.00
Trang 5.51 5.09 1.20
Phatthalung 1.40 1.73 0.30
Pattani 0.16 0.58 0.03
Yala 2.60 2.77 0.56
Narathiwat 6.60 6.40 1.43
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Table A4 Raw and SEB smoothed incidence rates and excs#ss by province,

2006.
Raw Incidence ~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.14 0.16 0.02
Samut Prakarn 0.55 043 0.09
Nonthaburi 0.41 0.41 0.06
Pathum Thani 0.12 0.14 0.02
Phra Nakhon Sri Ayuthay 3.06 3.01 0.49
Ang Thong 1.76 2.01 0.28
Lop Buri 2.13 247 0.34
Sing Buri 7.82 6.89 1.24
Chai Nat 9.13 8.40 1.45
Saraburi 8.09 7.55 1.29
c Chon Buri 0.59 0.62 0.09
E Rayong 6.53 6.54 1.04
N Chanthaburi 23.39 23.04 3.72
T Trat 1.37 247 0.22
R Chachoengsao 0.77 0.78 0.12
A Prachin Buri 0.66 1.09 0.11
L Nakhom Nayok 0.80 1.20 0.13
Sa Kaeo 8.00 7.94 1.27
Ratchaburi 0.36 0.34 0.06
Kanchanaburi 0.24 0.30 0.04
Suphanburi 1.54 1.58 0.25
Nakhon Pathom 0.00 0.05 0.00
Samut Sakhon 0.22 0.20 0.04
Samut Songkhram 1.54 0.62 0.24
Phetchaburi 0.44 0.63 0.07
Prachuap Khiri Khan 1.02 1.14 0.16
Chiang Mai 453 4.64 0.72
Lamphun 0.99 1.66 0.16
Lamphang 10.96 10.85 1.74
Uttaradit 4.06 412 0.65
Phrae 12.98 13.02 2.06
Nan 67.17 66.79 10.67
N Phayao 2117 2115 3.36
(0] Chiang Rai 743 7.46 118
R Mae Hong Son 10.22 7.99 1.62
T Nakhon Sawan 1.95 2.02 0.31
H Uthai Thani 4.90 4.67 0.78
Kamphaeng Phet 0.00 0.15 0.00
Tak 6.29 6.14 1.00
Sukhothai 0.33 0.51 0.05
Phitsanulok 2.73 2.76 043
Phichit 0.90 1.09 0.14

Phetchabun 5.09 5.14 0.81




Table A4 (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 415 419 0.66
Burirum 7.82 7.85 1.24
Surin 12.07 12.06 1.92
Sisaket 22.70 22.47 3.61
Ubon Ratchathani 6.97 7.05 1.1
N Yasothon 10.90 10.90 1.73
0 Chaiyaphum 6.17 6.21 0.98
R Amnat Charoen 5.42 5.85 0.86
T Nong Bua Lam Phu 1.41 1.89 0.22
H Khon Kaen 19.90 19.79 3.16
E Udon Thani 5.51 5.65 0.88
A Loei 18.44 18.23 2.93
S Nong Khai 20.27 20.04 3.22
T Maha Sarakhom 4.48 4.71 0.71
Roi Et 6.03 6.15 0.96
Kalasin 24.01 23.76 3.82
Sakon Nakhon 7.95 7.99 1.26
Nakhon Phanom 0.14 0.34 0.02
Mukdahan 2.09 2.42 0.33
Nakhon Sri Thammarat 3.12 3.15 0.50
Krabi 2.25 2.38 0.36
Phangnga 15.61 15.33 248
Phuket 5.06 7.95 0.80
S Surat Thani 0.84 0.89 0.13
(0] Ranong 29.05 28.00 4.62
U Chumphon 545 543 0.87
T Songkhla 5.50 5.23 0.87
H Satun 0.36 1.12 0.06
Trang 11.08 10.68 1.76
Phatthalung 1.79 2.07 0.29
Pattani 2.36 3.07 0.38
Yala 343 3.92 0.55
Narathiwat 6.68 6.28 1.06
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Table A5 Raw and SEB smoothed incidence rates and excs#ss by province,

2007.
Raw Incidence ~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.04 0.05 0.01
Samut Prakarn 0.54 0.42 0.11
Nonthaburi 0.10 0.11 0.02
Pathum Thani 0.23 0.25 0.05
Phra Nakhon Sri Ayuthay 2.39 2.08 0.46
Ang Thong 1.06 1.33 0.21
Lop Buri 1.20 1.59 0.23
Sing Buri 0.46 0.75 0.09
Chai Nat 7.96 7.22 1.54
Saraburi 1.15 1.39 0.22
c Chon Buri 0.25 0.28 0.05
E Rayong 244 246 0.47
N Chanthaburi 9.95 9.64 1.93
T Trat 0.91 2.02 0.18
R Chachoengsao 0.31 0.32 0.06
A Prachin Buri 0.44 0.73 0.09
L Nakhom Nayok 2.00 1.80 0.39
Sa Kaeo 7.06 6.99 1.37
Ratchaburi 1.33 113 0.26
Kanchanaburi 0.72 0.84 0.14
Suphanburi 1.07 1.09 0.21
Nakhon Pathom 0.12 0.16 0.02
Samut Sakhon 0.00 0.04 0.00
Samut Songkhram 0.00 0.27 0.00
Phetchaburi 0.00 0.32 0.00
Prachuap Khiri Khan 0.61 0.64 0.12
Chiang Mai 2.41 247 0.47
Lamphun 1.23 1.74 0.24
Lamphang 5.04 5.06 0.98
Uttaradit 3.64 3.69 0.71
Phrae 5.55 5.64 1.08
Nan 16.96 16.62 3.29
N Phayao 17.48 16.85 3.39
(0] Chiang Rai 11.01 10.93 2.14
R Mae Hong Son 3.92 2.49 0.76
T Nakhon Sawan 1.77 1.79 0.34
H Uthai Thani 1.53 1.58 0.30
Kamphaeng Phet 0.55 1.16 0.11
Tak 1.71 1.76 0.33
Sukhothai 0.99 1.22 0.19
Phitsanulok 2.25 2.29 0.44
Phichit 1.43 1.62 0.28

Phetchabun 3.79 3.83 0.74




Table A5 (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 2.50 2.54 0.49
Burirum 12.62 12.52 245
Surin 11.20 11.23 217
Sisaket 33.11 32.98 6.42
Ubon Ratchathani 5.10 5.15 0.99
N Yasothon 3.88 4.00 0.75
0 Chaiyaphum 2.06 212 0.40
R Amnat Charoen 4.34 495 0.84
T Nong Bua Lam Phu 2.01 2.83 0.39
H Khon Kaen 13.48 13.45 2.61
E Udon Thani 6.61 6.65 1.28
A Loei 9.78 9.63 1.90
S Nong Khai 8.45 8.21 1.64
T Maha Sarakhom 4.69 4.84 0.91
Roi Et 473 4.82 0.92
Kalasin 34.03 33.76 6.60
Sakon Nakhon 2.25 2.32 0.44
Nakhon Phanom 4.03 413 0.78
Mukdahan 6.56 6.62 1.27
Nakhon Sri Thammarat 5.56 548 1.08
Krabi 1.49 1.84 0.29
Phangnga 15.08 14.30 2.92
Phuket 6.65 7.95 1.29
S Surat Thani 1.67 1.76 0.32
0 Ranong 3.34 3.36 0.65
U Chumphon 1.46 1.49 0.28
T Songkhla 4.40 4.64 0.85
H Satun 4.62 5.01 0.90
Trang 8.40 7.68 1.63
Phatthalung 477 5.11 0.92
Pattani 6.29 6.13 1.22
Yala 2.56 3.30 0.50
Narathiwat 8.63 8.25 1.67
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Table A6 Raw and SEB smoothed incidence rates and excs#ss by province,

2008.
Raw Incidence ~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.26 0.22 0.04
Samut Prakarn 0.00 0.22 0.00
Nonthaburi 0.10 0.12 0.01
Pathum Thani 0.33 0.35 0.05
Phra Nakhon Sri Ayuthay 3.01 2.81 0.45
Ang Thong 0.70 0.94 0.11
Lop Buri 1.06 1.65 0.16
Sing Buri 1.39 1.44 0.21
Chai Nat 8.32 7.74 1.25
Saraburi 2.91 2.82 0.44
c Chon Buri 0.56 0.58 0.08
E Rayong 1.02 1.07 0.15
N Chanthaburi 11.07 10.76 1.66
T Trat 1.81 3.03 0.27
R Chachoengsao 0.30 0.32 0.05
A Prachin Buri 1.09 1.45 0.16
L Nakhom Nayok 1.20 1.54 0.18
Sa Kaeo 1.48 1.57 0.22
Ratchaburi 0.12 0.16 0.02
Kanchanaburi 1.79 1.75 0.27
Suphanburi 0.36 043 0.05
Nakhon Pathom 0.00 0.05 0.00
Samut Sakhon 0.00 0.20 0.00
Samut Songkhram 0.00 0.10 0.00
Phetchaburi 0.22 0.15 0.03
Prachuap Khiri Khan 0.20 0.32 0.03
Chiang Mai 1.56 1.62 0.23
Lamphun 0.00 0.41 0.00
Lamphang 5.20 5.18 0.78
Uttaradit 4.52 4.54 0.68
Phrae 2.80 2.99 0.42
Nan 16.57 16.25 249
N Phayao 16.63 16.09 250
(0] Chiang Rai 7.75 7.71 1.16
R Mae Hong Son 2.76 1.79 0.41
T Nakhon Sawan 1.58 1.64 0.24
H Uthai Thani 5.81 5.35 0.87
Kamphaeng Phet 0.69 1.31 0.10
Tak 2.06 2.06 0.31
Sukhothai 1.32 1.58 0.20
Phitsanulok 2.61 2.64 0.39
Phichit 1.80 1.92 0.27

Phetchabun 3.71 3.76 0.56




Table A6 (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 3.60 3.61 0.54
Burirum 46.98 46.85 7.06
Surin 17.25 17.28 2.59
Sisaket 22.47 22.29 3.37
Ubon Ratchathani 7.20 7.25 1.08
N Yasothon 3.15 3.38 0.47
0 Chaiyaphum 410 415 0.62
R Amnat Charoen 4.88 512 0.73
T Nong Bua Lam Phu 0.60 1.37 0.09
H Khon Kaen 19.50 19.48 2.93
E Udon Thani 10.96 11.00 1.65
A Loei 27.55 27.09 4.14
S Nong Khai 9.51 9.51 1.43
T Maha Sarakhom 6.30 6.48 0.95
Roi Et 6.27 6.36 0.94
Kalasin 38.96 38.68 5.85
Sakon Nakhon 2.87 2.93 0.43
Nakhon Phanom 1.43 1.60 0.22
Mukdahan 2.08 2.21 0.31
Nakhon Sri Thammarat 15.76 15.63 2.37
Krabi 1.45 1.77 0.22
Phangnga 24.96 24.26 3.75
Phuket 4.98 7.95 0.75
S Surat Thani 2.56 2.70 0.38
(0] Ranong 15.41 14.89 2.31
U Chumphon 4.97 4.90 0.75
T Songkhla 4.36 442 0.66
H Satun 2.79 4.24 042
Trang 4.08 4.28 0.61
Phatthalung 4.96 5.14 0.75
Pattani 2.81 3.89 0.42
Yala 317 3.89 0.48
Narathiwat 4.47 3.55 0.67
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Table A7 Raw and SEB smoothed incidence rates and excs#ss by province,

2009.
Raw Incidence ~ SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Bangkok 0.16 0.16 0.02
Samut Prakarn 0.52 0.34 0.06
Nonthaburi 0.00 0.02 0.00
Pathum Thani 0.00 0.03 0.00
Phra Nakhon Sri Ayuthay 3.12 2.92 0.37
Ang Thong 1.05 1.07 0.12
Lop Buri 0.27 0.70 0.03
Sing Buri 0.00 0.28 0.00
Chai Nat 7.74 7.04 0.91
Saraburi 0.80 0.98 0.10
c Chon Buri 0.47 0.49 0.06
E Rayong 0.67 0.72 0.08
N Chanthaburi 9.65 9.33 114
T Trat 1.80 3.05 0.21
R Chachoengsao 0.00 0.02 0.00
A Prachin Buri 0.00 0.45 0.00
L Nakhom Nayok 0.80 1.06 0.09
Sa Kaeo 2.96 3.05 0.35
Ratchaburi 0.12 0.17 0.01
Kanchanaburi 2.62 247 0.31
Suphanburi 0.36 0.44 0.04
Nakhon Pathom 0.00 0.04 0.00
Samut Sakhon 0.21 0.17 0.03
Samut Songkhram 1.03 043 0.12
Phetchaburi 0.00 0.17 0.00
Prachuap Khiri Khan 0.60 0.65 0.07
Chiang Mai 3.11 3.12 0.37
Lamphun 0.00 0.76 0.00
Lamphang 3.26 3.29 0.39
Uttaradit 3.66 3.77 0.43
Phrae 3.88 4.01 0.46
Nan 18.49 18.08 2.18
N Phayao 14.98 14.63 1.77
(0] Chiang Rai 5.30 5.29 0.63
R Mae Hong Son 4.75 3.73 0.56
T Nakhon Sawan 2.70 2.70 0.32
H Uthai Thani 3.05 2.93 0.36
Kamphaeng Phet 2.07 2.23 0.24
Tak 0.74 1.48 0.09
Sukhothai 1.82 213 0.22
Phitsanulok 4.98 5.00 0.59
Phichit 3.79 3.66 0.45

Phetchabun 4.12 4.17 0.49




Table A7 (Continued).

Raw Incidence SEB Smoothed
Region Province Rate (per Incidence Rate Excess Risk
100,000) (per 100,000)
Nakhom Ratchasima 5.22 5.24 0.62
Burirum 41.64 41.54 4.92
Surin 4485 4473 5.30
Sisaket 42.67 42.56 5.04
Ubon Ratchathani 12.03 12.07 142
N Yasothon 2.60 2.85 0.31
0 Chaiyaphum 517 5.21 0.61
R Amnat Charoen 8.39 8.65 0.99
T Nong Bua Lam Phu 3.60 4.31 0.43
H Khon Kaen 19.36 19.34 2.29
E Udon Thani 13.28 13.32 1.57
A Loei 33.80 33.23 3.99
S Nong Khai 7.39 745 0.87
T Maha Sarakhom 9.82 10.06 1.16
Roi Et 10.63 10.74 1.26
Kalasin 24.32 23.86 2.87
Sakon Nakhon 6.63 6.72 0.78
Nakhon Phanom 1.14 1.64 0.14
Mukdahan 10.67 10.64 1.26
Nakhon Sri Thammarat 8.33 8.32 0.98
Krabi 1.91 2.11 0.23
Phangnga 36.81 36.71 435
Phuket 7.95 7.95 0.94
S Surat Thani 4.07 4.09 0.48
0 Ranong 123.68 122.83 14.61
U Chumphon 1.65 1.68 0.20
T Songkhla 6.51 6.55 0.77
H Satun 9.71 9.74 1.15
Trang 7.64 7.74 0.90
Phatthalung 22.77 21.79 2.69
Pattani 3N 3.82 0.37
Yala 442 4.89 0.52
Narathiwat 8.47 8.07 1.00
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APPENDIX B
ACCURACY ASSESSMENT OF MODISIMAGE

CLASSIFICATION

An important step in image classification processhe accuracy assessment.
This step was done in order to determine how effelsgt pixels were grouped into the
correct feature classes. The feature of interedhisf study is the inundated areas
which could be the source of leptospirosis infextagents. The extracted images
were therefore classified into 2 classes, i.e.nitaied area, and the others. In the
extracted imaged the pixels classified as ‘inundi@a’ were valued as ‘1’ and the
pixels classified as ‘others’ were valued as ‘he$e images require validation with
the standard data.

The standard data used as the reference for ayowes derived from a map of
water body of L7018 series, scale 1:50,000. Thip mvas rasterized using the cell
size of the same as pixel size of MODIS extracteages, i.e., 458 meters The
computer software, ERDAS Imagine 9.0 was used tgesss the classification
accuracy. Figure Bl illustrates the classified imagd reference image

A stratified random sampling was used as methodHe selection of testing
points. Ninety points of inundated areas and ningtynts of other area were
randomly selected by the utility of software. Thidity generated the reports of error
matrix, accuracy and kappa statistics which wdtestilated in Table B1 and Table

B2.
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[_IRegion Boundary [__JOtherarea [l Flocd area

FigureB1 Image of water bodies and inundated area exttdoden MODIS (a), and

a raster map of water body from L7018 map seri®s. (

TableB1 Error Matrix of classified data and reference data

Reference Data
Classified Data Inundated area Others Total
Inundated areas 77 13 90
Others 1 89 90

Total 78 102 180




TableB2 Accuracy and kappa statistics.

102

Class Reference Classified Number Producers Users

Name Totals Totals Correct Accuracy Accuracy
Inundated 78 90 77 98.7% 85.5%

areas

Others 102 90 89 --- ---

Totals 180 180 166

Overall Classification Accuracy = 92.22%

K appa Statistics

Overall Kappa Statistics = 0.844

Conditional Kappa for each Category

Class Name Kappa
Inundated areas 0.745
Others 0.974

Overall accuracy of 92.2 percent was achieved,reviiee producer and user
accuracy were 98.7 and 85.5 percent, respectiVély.overall kappa value was 0.84.
Kappa value of inundated areas was 0.74. Accortbhnthe agreement criteria for

Kappa statistic defined by Landis and Koch (198Fg agreement is poor when

Kappa<0.4, good when 0.4<Kappa<0.7 and excellenenwkKappa>0.75. This

indicates that the agreement in the classificatioinundated area is good.
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